THE 


AMERICAN PHILOSOPHICAL SOCIETY 


HELD PHILADELPHIA 
FOR PROMOTING USEFUL KNOWLEDGE 


NEW SERIES—VOLUME 40, PART 


REVISION FOSSIL SEQUOIA AND TAXODIUM 
WESTERN NORTH AMERICA BASED THE 
RECENT DISCOVERY METASEQUOIA 


RALPH CHANEY 


Professor Paleontology, University California 


THE AMERICAN PHILOSOPHICAL SOCIETY 
INDEPENDENCE SQUARE 
PHILADELPHIA 


1951 


UNIVERSITY MICHIGAN 
GENERAL LIBRARY 


its 
4 
iby 
y 
i 
q 
tha 
ae 
te 
4 AS 
‘ 
Ax 
4 
Ri 
Net 
> 
5 
Ry 
; 


The Transactions the American Philosophical Society published 
annual volume, ordinarily consisting several numbers. author 
submit manuscript for publication should send the Editor, Luther 
Eisenhart, American Philosophical Society, 104 South Fifth Street, Phila- 
Pa. 


The annual subscription price six dollars; combined with subscription 
the Proceedings, the price ten dollars. Individual copies the Transactions 
are offered for sale. This issue priced 


LANCASTER PRESS, LANCASTER, PA. 


14 
7 
F 
i 
i 
« 
2 
7 
8 
Casts 
be 
3 
is 
i 
F 
4 
q 
i 
y 
> 
sigh 
3 
é 
q 
be 
7 


TRANSACTIONS 


THE 


AMERICAN PHILOSOPHICAL SOCIETY 


HELD PHILADELPHIA 
FOR PROMOTING USEFUL KNOWLEDGE 


NEW SERIES—VOLUME 40, PART 
1950 


REVISION FOSSIL SEQUOIA AND TAXODIUM 
WESTERN NORTH AMERICA BASED THE 
RECENT DISCOVERY METASEQUOIA 


RALPH CHANEY 


Professor Paleontology, University California 


THE AMERICAN PHILOSOPHICAL SOCIETY 
INDEPENDENCE SQUARE 
PHILADELPHIA 


1951 


<a 
; 
SS 
a 
{ 
4 

it I 

: 

4 
‘ 

4) 

4 
why 

a 
hy 
alt 


THIS STUDY 


DEDICATED THE 
JOHN STRONG NEWBERRY 


MEMBER THE AMERICAN PHILOSOPHICAL SOCIETY, 


MEMORY 


WHO WAS THE FIRST VIEW WITH KEEN EYES, 
THOUGH WITH ONLY PARTIAL UNDERSTANDING, 


ROCK SLAB COVERED WITH FOLIAGE IMPRINTS 


METASEQUOIA 


pe Me 
4 
FOS 
mY 
¢ 
- 
4 
| 
| 
hat 
it 
RS 
> 
| 
NS 
* 


REVISION FOSSIL SEQUOIA AND TAXODIUM WESTERN 
NORTH AMERICA BASED THE RECENT DISCOVERY 
METASEQUOIA 


RALPH CHANEY 


CONTENTS 

PAGE PAGE 
Discovery 172 Sir William Dawson (1820-1899) 210 
GENERIC CHARACTERS For DISTINGUISHING Catalogue Cretaceous and Tertiary Plants, 1898 212 
SPECIMENS SEQUOIA, METASEQUOIA, AND 174 Flora Yellowstone Park, 1899 212 
Distinguishing Characters Previously Suggested ........ 174 Flora the Montana Formation, 1900 ............. 212 
Distinguishing Characters Now Recognized ............ 177 Flora the John Day Basin, 1902 212 
Summary Foliage and Cone Characters .............. 181 Other Later Paleobotanical Studies 216 

History THE STUDY SEQUOIA AND TAXODIUM FROM Walter Bell, Director, Geological 


Early Studies European Paleobotanists and Botanists 181 
The Study Sequoia and Taxodium from the Cretaceous 


and Tertiary High Northern Latitudes .......... 184 
Cretaceous Species Sequoia 188 
Nathorst, Plants Ellesmere Land ....... 192 
Seward, Cretaceous Plants Greenland ........... 192 
Upper Cretaceous Floras Alaska, 1930 .......... 193 
The Study Sequoia and Taxodium From the Cretaceous 
and Tertiary Temperate North America ......... 196 
John Strong Newberry (1822-1892) 197 
Early Exploration the West 197 
Disagreement with Lesquereux and Heer .......... 198 
Boston Society Natural History Paper, 1863 ..... 199 
Annals the Lyceum Natural History New 
Later Extinct Floras North America, 1898 ...... 203 
Leo Lesquereux (1806-1889) 204 
The Rocky Mountain Region 205 
Volume The Cretaceous Flora, 1874 ............ 206 
Volume The Tertiary Flora, 1878 ............... 206 
Volume The Cretaceous and Tertiary Floras, 1883 208 


171 


Jennings, Director Emeritus, Carnegie Museum 217 
Herbert Mason, Professor Botany, University 


217 
Erling Dorf, Professor Geology, Princeton Uni- 

Roland Brown, Geologist, United States Geologi- 

Robert LaMotte, Research Associate, University 

Harry MacGinitie, Division Natural Science, 

Carlton Condit, Department Geology, State Uni- 

Helen Smith, Formerly Department Botany, 

Ethel Sanborn, Professor Botany Emeritus, 

Chester Arnold, Professor Botany and Curator 

Fossil Plants, University Michigan ......... 220 
Henry Andrews, Professor Botany, Washing- 


Ralph Chaney, Professor Paleontology, Uni- 
versity California, and Research Associate, Car- 
negie Institution Washington 220 
Summary the Study Metasequoia, Sequoia and Taxo- 
dium Western North America During the Past 
QUOIA, AND WESTERN NortH AMERICA 224 


Metasequoia occidentalis (Newberry) Chaney, new 
Metasequoia cuneata (Newberry) Chaney, new combi- 
dubium (Sternberg) Heer 233 


. 
Wey, 
4 
| 
Dew 
> 
4 


172 


CHANEY: SEQUOIA, TAXODIUM, AND METASEQUOIA 
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INTRODUCTION 


The recently discovered redwood China, Meta- 
sequoia glyptostroboides and Cheng, shows close 
relationship two North American trees, the coast red- 
wood, Sequoia sempervirens the western 
United States, and the swamp cypress, Taxodium dis- 
tichum Richard the southeastern United States. 
Foliage and cones these living trees provide charac- 
ters which the three genera may readily distin- 
guished, but for nearly century there has been confu- 
sion the recognition fossil specimens. This has 
been due small measure our ignorance the 
existence Metasequoia, either the forests today 
the fossil floras the past. 

During extensive restudy Cretaceous and Ter- 
tiary conifers from western North America, have for- 
mulated the diagnostic criteria which these three 
genera may recognized the fossil record, and with 
students and other associates have applied them 
large numbers specimens the principal collections 
the United States and Canada. are now able 
distinguish the fossil foliage and cones all three 
genera, and assign Metasequoia many specimens 
which have previously been identified Sequoia and 
Taxodium. fact, Metasequoia was the most abun- 
dant and widely distributed genus the Taxodiaceae 
North America from Upper Cretaceous Miocene 
time. There known record its occurrence 
this continent rocks younger than Miocene; sur- 
vived into the Pliocene epoch Japan, and few hun- 
dred trees are still living the remote interior China. 


DISCOVERY METASEQUOIA 


Before considering detail the relationships 
American members the Taxodiaceae, brief account 
the discovery Metasequoia, both fossil and living, 
order. early 1928 Seido Endo pointed out 
that fossil cones from the Oligocene Manchuria were 
not properly referable Sequoia (Brong- 
niart) Heer, and assigned them and associated foliage 
new species, chinensis Endo (1928: 27, pl. figs. 
1-5). His illustrations show stalked cones with decus- 
sate scales which are characteristic Metasequoia, 
also the foliage figured. correctly concluded that 
Lesquereux from the John Day valley 
Oregon not identical with the real langs- 
because cone differences, and that and 
Lesquereux resemble the cones chinensis. 
later paper, noting the distinctive arrangement 
the cone scales japonica Endo from later Tertiary 
deposits Japan and Korea (1936: 173), Endo states 
that they are “arranged four longitudinal rows, each 
row with four being usually spiral 
most other further mentions that the pis- 
tillate cone attached stout “peduncle,” and that 
the leaves have blunt apices. All these are diagnostic 


characters Metasequoia founded Shigeru Miki 
five years later (1941: 

study cones and foliage previously referred 
disticha Heer and japonica, from the Pliocene clay 
lignite beds central Honshu, convinced Miki that 
they differed essential respects from living members 
the Taxodiaceae. This material was well pre- 
served that recorded his description and figures 
most the megascopic characters which have subse- 
quently been noted living material Metasequoia; 
these include the stalked attachment the cones, the 
decussate arrangement the cone scales, the obtuse 
apex the leaves, and the deciduous habit the 
shoots which they were borne. Conditions resulting 
from the war Asia delayed for five years any knowl- 
edge the United States Miki’s brilliant diagnosis 
these specimens. 

Although there were some rumors the occurrence 
large coniferous tree Szechuan Province early 
1941 according (1948: 202), little was known 
about and specimens were collected until 1944 
when Tsang Wang the staff the Central Bureau 
Forest Research China visited Mou-tao-chi and 
brought back specimens leaves and cones. Some 
these were turned over Wan-Chun Cheng the De- 
partment Forestry National Central University; 


letter dated March 30, 1950, Dr. Miki has told some 
the circumstances which led his establishing this new genus. 
quote the following extracts: 

had been specializing the classification, morphology and 


ecology aquatic plants before starting investigate fossil 
remains. the same time had retained some interest 


dendrology since student days. 1931 had chance 
explore the alluvial deposits the vicinity Kyoto, and dis- 
covered abundant remains water plants well 
Naturally enough, attention was drawn those species 
which lived one time this country but are longer found 
wild state; shared with other scholars this country 
strong interest Sequoia and Taxodium, surviving North 
America. Out the remains believed Sequoia, those 
having cones with scales placed cruciform, and attached 
slender peduncles, strongly attracted attention. 1938 
discovered abundance these cones the clay deposits 
Hashimoto, including several nearly perfect specimens with 
scaly leaves the lower ends the peduncles. 

“On the other hand, remains small branches presumed 
Taxodium had often been found Japan. Although the 
cones and seeds this genus have easily distinguishable charac- 
ters, such remains were found anywhere. 
these supposed Taxodium shoots, with opposite leaves and with 
winter buds their tips, were invariably collected asso- 
ciation with the Sequoia cones above mentioned. Doubt arose 
whether this foliage was really Taxodium. For the solu- 
tion this doubt, kept for years with search for more 
perfect remains, but the branchlets were fragile that their 
leaves fell off during the processing operation. the autumn 
1940, the clay deposits Osusawa, was lucky enough 
discover among leaves Fagus several nearly perfect branches 
the presumed Taxodium with scaly leaves the base the 
shoot, association with remains Cunninghamia and Se- 
quoia. was overjoyed the discovery, and with utmost cau- 
tion once set out make them into permanent preparations. 
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noted that the needles and cone-scales were oppo- 
site position, and concluded that they represented 
new genus conifer. Cheng sent out assistant, 
Hsieh, make additional collections 1946; 
part this material was later sent Dr. Hsen-Hsu Hu, 
Director the Fan Memorial Institute Biology. 
had read Miki’s paper fossil Metasequoia and rea- 
lized that these specimens from the tree Szechuan 
represented the same plant the fossils from Japan. 
All four these men—Miki, Wang, Cheng, and Hu— 
are therefore responsible for the discovery and recog- 
nition the fossil and modern occurrences Meta- 
sequoia. But there would have been further delay 
our knowledge and understanding this conifer had 
not been for the interest and activities Elmer 
Merrill, then director the Arnold Arboretum. 

One the most important contributing factors 
Merrill’s achievements the field botany has been 
his interest new and critical discoveries, and his 
willingness and ability allocate funds for further ex- 
ploration. this instance made available grant 
from the Arnold Arboretum which supported additional 
field work central China Hsieh and Hwa, 
under the guidance Cheng. Ample specimens 
foliage and cones which they collected reached Merrill 
1947, supplementing fragmentary specimen sent 
him during the preceding year. Seeds which re- 
ceived January, 1948, were generously shared with 
and others, and were widely planted across North 
America and Europe during ensuing weeks. For the 


order find out whether they could distinguished from 
Taxodium, decolorized some them and found that the sto- 
mata were running parallel with the midvein just the case 
Sequoia, rather than transverse Taxodium. therefore 
felt convinced that this foliage was not the remains Taxodium. 

“As stated above, imperfect branches the presumed Taxo- 
dium were found together with Sequoia other places, too, but 
cones seeds Taxodium were ever found. All this now 
led conclude that the branches supposed Taxodium 
with opposite leaves were the same genus the Sequoia 
cones with decussate scales and peduncles bearing traces 
opposite leaves. That these branches had twigs nearly the 
same length with wintering buds the tips, and that they 
had scaly leaves the lower tips their twigs and cone- 
peduncles, convinced that the branches themselves were win- 
tering buds that could remain dormant through winter. Fur- 
thermore, three- four-year-old branches had several traces 
cast-off twigs very close each other, was easily pre- 
sumable that the branches were deciduous winter. 

“Now, fossils showing opposite leaves and cones with scales 
placed cruciform symmetrically can found plenty the 
polar regions. Besides, among the Japanese flora, there are 
some that came over these regions through the phenomena 
divergation. Added this, another consideration, that their 
conspicuous characteristics the branches the presumed Taxo- 
dium have little difference from Heer’s specimen Spitz- 
bergen, led now conclude that both are the same genus. 

“It true that the shedding leaves together with twigs 
one the characteristics Taxodiaceae; but then there are 
other similar species which have not only opposite leaves but 
also cones with scales placed cruciform symmetrically. And this 
why established new genus, Metasequoia, belonging 
the family 
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first time nearly score million years, Metasequoia 
lived again the western hemisphere result 
Merrill’s distribution these seeds. 

Examination foliage shoots sent Merrill, 
and shoots and cone from Hu, once convinced 
that many fossil specimens previously assigned 
Sequoia have similar decussate organization, and that 
Metasequoia abundantly represented the Creta- 
ceous and Tertiary deposits western North America. 
But there were still many unanswered questions, par- 
ticularly related the habitat which Metasequoia 
had survived. hurried trip was taken with Milton 
Silverman central China early 1948, under the 
auspices the Save-the-Redwoods League. valleys 
Szechuan and Hupeh, remote that they have not 
yet been completely deforested, had the opportunity 
studying the environment and associates these 
trees which ages past were abundant and widely 
distributed. 

The first published reference the surviving trees 
Metasequoia included short paper Hu, 
which assigned chinensis fossil species from 
Manchuria which had previously been referred Se- 
quoia (1946: 105). Brief mention the living red- 
woods China, and the occurrence fossil Meta- 
sequoia high northern latitudes during Eocene time, 
was made the writer paper presented the 
Boston meeting the Botanical Society America 
1946, and published few months later (1947: 145). 
the Save-the-Redwoods League, issued the same year 
(1947: 7). Much fuller information was included 
two short papers Merrill (1948: 140; 1948a: 1). 
Later 1948, complete description the modern 
species, glyptostroboides, was published under au- 
thorship and Cheng, with brief account the 
occurrence these trees central China, and mention 
some their Cretaceous and Tertiary ancestors 
(1948: 153). Papers the wood glyptostro- 
boides Liang, Chow, and (1948: 1), and 
(1948: 1); the chromosomes and relationships 
Stebbins (1948: 95); leaf arrangement Morley 
(1948: 574) and various aspects morphology 
Sterling (1949: 461), have added much valuable infor- 


mation regarding the living representative this genus. 


Several essays (1948: 26; 1948b: 440; 
1948c: 231; 1948d: and three technical papers 
the writer 503; 1949: 125; 1949a: 356) have 
summarized our present knowledge the characters 
fossil Metasequoia, with discussion its modern oc- 
currence China, and its fossil representation 
several localities and horizons western North 
America. 


SCOPE THE PRESENT STUDY 


For nearly century fossil plants which are now 
known represent Metasequoia have been recorded 
Sequoia and Taxodium from many parts the northern 
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174 
hemisphere. Since any conclusive survey these rec- 
ords requires actual handling the specimens them- 
selves, and since there have been only limited oppor- 
tunities examine material from other continents, 
confining the present revision material from North 
America. study has been restricted the western 
part this continent for several reasons: the geologic 
record temperate forests which these conifers are 
found best preserved there; collections available for 
study are largely from the West; own field and 
largely confined the region west the High Plains. 

addition the large collections from western 
North America the Museum Paleontology the 
University California, have made detailed exami- 
nation the material the United States National 
Museum, the Geological Survey Canada, the New 
York Botanical Garden, Princeton University, the Uni- 
versity Oregon, and Oregon State College. Many 
the early collections made Dana, Condon, Hayden, 
Newberry, and Lesquereux, have been available during 
this extended survey, which has also included limited 
reference material from Greenland, Spitzbergen, and 
Manchuria. When type specimens were missing, 
have sometimes been able find others from the same 
collection and locality; the status all critical speci- 
mens has been considered detail, and the specimen 
numbers, the numbers localities, have been indi- 
cated. has been possible handle the specimens 
described Sequoia and Taxodium most the im- 
portant contributions American paleobotany. ad- 
dition, because their intimate relationship the rec- 
ords these genera our continent, papers dealing 
with the Cretaceous and vegetation high 
northern latitudes elsewhere have been analyzed how- 
ever, nomenclatorial revision has been limited mate- 
rial from western North America. hoped 
that future studies fossil conifers from the eastern 
United States, the will further dis- 
sipate the confusion whith has long clouded our 
understanding and the Taxodiaceae, 
and that Miki, Hu, and will continue their sig- 
nificant investigations eastern Asia. 
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Oswald Heer, and all other paleobotanists and 
botanists who for nearly century have more often than 
not failed properly identify the fossil remains Se- 
quoia and Taxodium, say that their mistakes during 
the years have been greater than own. Only 
the recent discovery and interpretation fossil and liv- 
ing Metasequoia our colleagues Asia have made 
possible tardy recognition the status these three 
genera the records later geologic time. 


GENERIC CHARACTERS USED FOR 
TINGUISHING FOSSIL SPECIMENS 
AND TAXODIUM 


far back the middle the past century, fossil 
foliage Sequoia has been confused with that Taxo- 
dium. During all this time, leafy shoots 
which now consider referable Metasequoia have 
been assigned Sequoia; many instances foliage 
specimens identified Taxodium also show Meta- 
sequoia characters. Before discussing the characters 
which these three genera may distinguished the 
the criteria which have been suggested earlier work- 
ers means separating them. should borne 
mind that until the past decade one has been aware 
the occurrence and generic entity Metasequoia, 
either the fossil record living tree native 
China. 

DISTINGUISHING CHARACTERS PREVIOUSLY 

SUGGESTED 

his first volume Tertiaria Helvetiae (1855: 
54), Heer observes his discussion Sequoia langs- 
that there deceitful resemblance” between 
the foliage shoots this species and those 
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dubium. mentions the following characters dis- 
tinguishing the foliage and indicat- 
ing its relationship sempervirens, mighty tree 
living western North America”: “leaves broader, 
more firm, with stronger midrib”; adds that they 
are strongly decurrent, giving the shoot “striped ap- 
pearance”; they are somewhat narrowed the base, 
distichous, extending out from the shoot angles from 
ninety forty-five degrees. the preceding descrip- 
tion dubium (p. 49), Heer does not compare its 
foliage with that Sequoia. All these comments 
regarding the foliage Sequoia seem appropriate ex- 
cept that relating its strong midrib; the thicker tex- 
ture its living leaves results less conspicuous 
midrib than the case Taxodium, difference which 
apparent also many fossil specimens. 

Describing the foliage from Spitz- 
bergen twenty-two years later (1877: 59), Heer made 
the following significant comment regarding the means 
distinguishing from fossils miocenum: 


The small-leafed form often difficult distinguish 
from distichum (T. distichum miocenum), and 
can easily mistaken for it. true that Taxodium 
has leaves more delicately shaped, but this characteristic 
often difficult establish with fossil plants. The main dif- 
ference lies the attachment the leaf the shoot; 
Sequoia the decurrent leaf bases are prominent, and run 
obliquely, forming stripes along the shoot which are bent 
and fro; with Taxodium the decurrent bases extend 
straight along the shoot, not bending toward the leaves 
the opposite side, with Sequoia; nor are the bases promi- 
nent the case those Sequoia. Hence shoots with- 
out stripes (decurrent leaf bases), shoots whose stripes 
run parallel with the axis the shoot, belong 
dium; but shoots with stripes running obliquely belong 
Sequoia. [This somewhat liberal translation which 
gives the sense Heer’s German text. 
shall see, the prominence and oblique trend 
the decurrent leaf bases provide sound basis for dis- 
tinguishing the foliage Sequoia from that Taxo- 
dium. Heer’s statement indicates that had mind 
this critical difference between the two genera. The 
fact that the specimens which figured 
plates and all represent foliage Metasequoia, 
judged the opposite attachment the needles, 
does not really vitiate his conclusion, for the decurrent 
bases both Metasequoia and Sequoia are prominent 
and trend obliquely, least the point attachment. 
amazing note that the foliage with which 
compares his “S. and which terms “7. 
miocenum,” also Metasequoia. Figures 
and showing distichum miocenum plate 
show the leaf bases trending parallel direction 
along the axis the stem, but their opposite phyllo- 
taxy and shape these needles seem surely referable 
Metasequoia; figure plate not only shows the 
phyllotaxy and shape Metasequoia, but 
prominent oblique leaf bases which Heer stated were 
characteristic Sequoia. shall refer again this 
confusion the part Heer, confusion which has been 
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shared varying degree other paleobotanists for 
many years. Here was man who had recognized 
highly significant difference between the foliage Se- 
quoia and Taxodium; can understand his failure 
distinguish what now know Metasequoia 
the use this criterion, for its leaf bases are much like 
those but state sound basis for separat- 
ing Sequoia and Taxodium, and then disregard 
his selection specimens for illustration, was blunder 
which should not have expected from brilliant 
paleobotanist. The consequences Heer’s failure 
note that most the conifer foliage from high latitudes 
had opposite phyllotaxy will discussed 

the United States, Lesquereux added little the 
solution the problem involved the generic separa- 
tion these conifers. Discussing heerii from Sage 
Creek, Montana (1872: 290), mentioned that some 
the needles had obtuse tips, and that the cone “is 
borne long, naked branches, marked with indistinct 
both these are characters Meta- 
sequoia, which the genus now referred. 
his numerous references fossil specimens Se- 
quoia and Taxodium, many which are Metasequoia, 
indicated awareness that third genus 
was involved, and suggested sound criteria for sepa- 
rating the foliage Sequoia and Taxodium. the 
other hand, Newberry early voiced his opinion (in dis- 
agreement with Heer and Lesquereux) that his speci- 
mens from Washington Territory, which had named 
occidentale, were different from Europe 
(1863: 516). pointed out that the leaves the 
latter are more widely spaced and obliquely divergent, 
and are acute both ends, contrast those 
occidentale which leaves are mostly close set, 
given off from the branchlet large 
90°—are opposite, sessile, very short-petioled, and 
are rounded both ends, sometimes even emarginate 
the These are characters which the foli- 
age Metasequoia may distinguished from that 
Taxodium, and, shall see, Newberry’s specimens 
occidentale are actually referable Metasequoia. 
This pioneer geologist and paleobotanist appears 
have the first suspect that some the leafy 


other volumes Arctica, from Alaska, Grinnell 
Land, Greenland (in part), Siberia, and Sakhalin, show opposite 
arrangement their needles, and are referable Metasequoia, 
discussed below. few Heer’s specimens from Greenland 
are correctly assigned Taxodium; this also the case for 
most all the specimens distichum miocenum figured 
the original description, Miocene baltische Flora, 
Nat. Preuss., Kon. Gesell. Konigsberg, 18-20, 
53, pl. figs. pl. 14, figs. 24-28, pl. 15, fig. la, 1869. 
Several these show needles with square joint attachment, 
with decurrent bases extending down parallel with the stems; 
all these specimens show spirally attached needles, most 
which are slender and leave the shoots oblique angles. 
believe these specimens distichum miocenum from the Baltic 
are indistinguishable from 
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shoots assigned might belong another 
genus (1870: 46). shall quote his remarks more 
fully below, and here shall comment only upon the 
characters which sought distinguish this 
age. stated that the leaves are “broader and more 
noticeably than those Taxodium, and 
concluded 

strongly inclined believe, however, that the leaves 
before were derived from tree more closely related 
our deciduous cypress than our species Sequoia, and 
that, whatever its generic affinities may have been, its foli- 
age was deciduous. 

This the first suggestion ever recorded that these 
foliage shoots which now know 
represent occidentalis, were deciduous. 

Wheras Lesquereux had only indirectly suggested that 
the foliage Taxodium might distinguished its 
lack decurrency from that Sequoia, Knowlton 
and Berry (1926: 190) state that the leaves 
Taxodium are not decurrent the shoot. This 
manifestly error, for the needles all members the 
Taxodiaceae have decurrent bases. However, would 
have been proper indicate that the leaf bases Tax- 
odium are much less prominent than those Sequoia, 
which doubtless what they intended emphasize. 
The treatment these genera other paleobotanists 
had added little the way distinguishing characters 
the time the discovery Metasequoia. 

his original description the genus Metasequoia 
(1941: 261), Miki compared its foliage and pistillate 
cones with those Sequoia and Taxodium the follow- 
ing 

The cone distinguished from that Sequoia the 
decussate arrangement scales and the delicate peduncle 
having scale leaves the base. foliaged shoot differs 
from Sequoia distichous arrangement leaves and 
the brittle petiole. glance the shape the shoot 
fragmental remain seems differs 


from distichous leaf and parallel arrangement 
stomata it. 


Miki’s use the term elsewhere suggests 
that meant “decussate” with reference leaf 
arrangement the preceding sentences; all three 
these genera are characterized distichous foliage 
shoots, but Metasequoia has decussate phyllotaxy while 
that Taxodium and Sequoia spiral. Miki mentions 
that its deciduous habit Metasequoia resembles 
Taxodium. 

and Cheng (1948: 154) describe the living tree 
Metasequoia having 


opposite branchlets and opposite, distichously arranged 
foliage shoots deciduous winter. Leaves deciduous, 
opposite, distichously arranged, linear, sessile nearly 
sessile. Staminate flowers axillary and terminal, oppo- 
site, racemose paniculate flowering branchlet-system 
bracts decussate Pistillate flowers solitary; bracts 
14-16, decussate; peduncles leafy, with distichous opposite 
linear leaves. Cones pendulous; scales woody, decussate, 
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Comparing Metasequoia with other genera the Tax- 
odiaceae, they state: 

this genus characterized the deciduous distichous leaves 
twisted the base and the long-stalked cones with de- 
cussate scales. Besides these characteristics further 
differs from both the genera Sequoia and Sequoiodendron, 
its close allies, opposite branchlets, opposite distichously 
arranged deciduous leafy shoots and opposite staminate 
flowers arranged racemose paniculate flowering 
branchlets-system and with decussate bracts. The decussate 
characteristics all its vegetative and floral organs make 
this genus strikingly distinguished from all other genera 
the family Taxodiaceae. 

preliminary paper based herbarium specimens 
and living seedlings Metasequoia (1948: 96), Steb- 
bins mentions twenty-seven characters which this 
genus resembles may distinguished from other 
genera the Taxodiaceae. concludes that Sequoia 
differs from Metasequoia the fewest number these 
characters, and that Taxodium stands second the 
order similarity. character Metasequoia not 
previously mentioned, which may distinguished 
from Sequoia, Taxodium and other genera the family, 
that “only flat, needle-like leaves are 
ling’s morphological study likewise based 
upon modern specimens, and considers structures most 
which are not commonly preserved available for 
examination the fossil record. points out that 
the male sporophylls Metasequoia are not strictly 
decussate. 

The writer has summarized the distinguishing char- 
acters Metasequoia, Sequoia, and Taxodium, shown 
fossil material follows (1948: 509) 

(1) Leafy shoots decussate, disposed distichously 
opposite pairs along the branches Metasequoia; 
spiral, disposed distichously and alternately Sequoia 
and Taxodium. 

(2) Leafy shoots deciduous Metasequoia and 
Sequoia. 

(3) Needles decussate the shoots Metasequoia, 
twisted and disposed distichously opposite pairs; 
spirally disposed, commonly distichous, the shoots 
Sequoia and Taxodium. 

(4) Stomata parallel bands each side the 
midrib Metasequoia and Sequoia; irregularly trans- 
verse Taxodium. 

(5) Staminate cones decussate spikes, twisted into 
distichous, opposite pairs, Metasequoia; spirally dis- 
posed spikes Taxodium; solitary the axils 
terminal needles Sequoia. 

(6) Pistillate cones terminal elongate, probably 
lateral, leafy shoots Metasequoia (they are lateral 
the living species), the needles widely spaced, de- 
ciduous, leaving naked cone-shoot shedding terminal 
short scaly shoots which develop the ends leafy 


Mexican species, mucronatum Tenore, normally 
evergreen, but may shed its leaves. 
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shoots the preceding year Sequoia; cones the 
ends branches Taxodium. 

(7) Cone scales decussate Metasequoia; spirally 
disposed Sequoia and Taxodium. 


DISTINGUISHING CHARACTERS NOW RECOGNIZED 


shall consider further the characters which 
fossil shoots and cones Metasequoia, Sequoia, and 
Taxodium may distinguished from one another the 
basis large fossil collections recently studied. The 
genus Glyptostrobus will omitted from this discussion, 
largely because the material representing this genus may 
more readily recognized, and has not been generally 
confused. Brown has pointed out the distinguishing 
characters Glyptostrobus, and has made satisfactory 
revision the American fossil species assigned this 
genus (1936). Foliage shoot oregonensis with 
cones attached, from Miocene deposits the Stinking 
Water Basin eastern Oregon, are figured plate 
for comparison with those the three related genera 
with which are primarily concerned. 

The most common occurrence fossil Taxodiaceae 
the Cretaceous and Tertiary North America the 
form impressions the leafy shoots. Oligocene 
deposits the John Day Basin Oregon, foliage speci- 
mens Metasequoia may constitute high per 
cent the total; they are among the most numerous 
fossils the Lower Tertiary floras Alaska, and 
Middle Tertiary floras the western United States 
far south Nevada (see pl. fig. pl. figs. 3). 
Miocene lake beds the John Day Basin, Taxodium 
foliage makes over one third the material the 
type locality the Mascall flora (see pl. fig. pl. 
fig. 1). Leafy shoots Sequoia are especially abun- 
dant volcanic sediments Oligocene age Floris- 
sant, Colorado (see pl. fig. pl. fig. 3). 
Fortunately the impressions pistillate cones Meta- 
sequoia and Sequoia have been found association with 
foliage these and many other fossil localities; the 
case Taxodium, the cone scales tend deciduous, 
and complete cones are less commonly found. Im- 
pressions shoots bearing staminate cones Meta- 
sequoia and Taxodium are numerous, and the solitary 
male cones Sequoia are locally abundant. 
diaceous wood well represented many Tertiary 
localities, but criteria have not yet been developed for 
recognizing generic differences. 

fortunate having available for study not only 
large fossil collections, but also many herbarium speci- 
mens and living trees these three genera for com- 
parison. own field studies glyptostroboides 
central China were carried season when the 
trees were not but collections made for during 
the summer 1948 Cheng, with the aid grant 
from the American Philosophical Society, show limited 
range foliage variation living trees. addition 
there are hand for reference several hundred Meta- 
sequoia seedlings which have been propagated with the 
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assistance the College Agriculture the University 
California, under the auspices the Save-the-Red- 
woods League. Recent field studies the eastern 
United States, where certain lowland forests contain 
abundant trees swamp cypress distichum), and 
the coast redwood (S. sempervirens) forests Cali- 
fornia, have been designed emphasize the similarities 
and dissimilarities between these North American trees 
and the living redwood China. 


FOLIAGE BRANCHES 


Branches conifers bearing foliage shoots are rela- 
tively uncommon the fossil record; several foliage 
branches affinis have been collected MacGinitie 
Florissant, and the writer has found branches 
occidentalis the Dugout Gulch locality the Bridge 
Creek flora the John Day Basin. 

Branches occidentalis may show shoots op- 
posite pairs, but their decussate arrangement not 
clearly shown for they are twisted into one plane, form- 
ing flat sprays (see pl. some instances one 
shoot pair appears not have developed, and large 
needle occupies its place (see pl. fig. 2); most 
specimens many shoots are missing (see pl. fig. 
suggesting that the bases the shoots were brittle 
has been observed the case living Metasequoia 
the pattern attachment however readily apparent, 
for bases scars missing shoots may seen 
opposite position. 

fossil Sequoia bear their shoots spirally 
and alternately; these are commonly rotated into 
single plane form flat sprays (see pl. 
cone-bearing terminal branches affinis, the shoots 
show evidence persisting spiral position (see pl. 
figs. 4), though they have been pressed down into 
the horizontal bedding plane sediments during de- 
position. Branch specimens Taxodium are extremely 
rare collections studied; the branch dubium 
figured (pl. fig. shows several shoots whose at- 
tachment obscure but give evidence being op- 
posite. 


FOLIAGE SHOOTS 


Stems the leafy shoots Metasequoia resemble 
Taxodium being slender, while those Sequoia are 
relatively thick most fossil specimens this doubtless 
related the deciduous habit the first two genera, and 
the evergreen habit Sequoia. Leafy shoots 
Metasequoia differ from those the other two genera 
their decussate phyllotaxy; this character may 
observed all well preserved fossil specimens, even 
when one both needles pair are missing 
frequently the case, for the decussate attachment 
their decurrent bases apparent (pl. figs. 2). 
Leaves Sequoia and Taxodium show spiral attach- 
ment (see pl. figs. 3-7). all three genera the 
leaves are rotated into one plane form distichous 
shoots. This invariably the case with the foliage 
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Metasequoia, both fossil and living, which the leaves 
are all flat and needle-shaped. shoots are 
also the most abundant type foliage living trees 
the coast redwood, sempervirens, all whose 
lower branches the leaves are likewise flat and acicular 
but terminal branches the main stem the leaves 
are scale-like and maintain their spiral position. Fossil 
specimens Sequoia show similar dimorphism (see 
pl. figs. which doubtless related their 
different positions the trees from which they fell. 
Shoots the living distichum are less predominantly 
distichous than the case sempervirens, but 
large majority our fossil foliage specimens are two- 
ranked (pl. fig. rather than scaly (pl. fig. 6). 

The deciduous foliar units all three genera, shown 
plate figs. 2-7, are known short shoots. the 
case the living sempervirens, whose habit ever- 
green, short shoots may remain the tree for three 
four years; during this period, other shoots may grow 
out from their ends, distilaterally. This type shoot 
figure and the enlargement plate figure 
limited three genera have persistent 
bracts closely associated group the base the 
foliage shoots. While these are not always well pre- 
served the case fossil specimens, they can frequently 
noted the shoot bases (see pl. fig. pl. figs. 
Both Taxodium and Sequoia the bracts 
are spirally placed; they are more numerous 
shoots Sequoia. The decussate position the bracts 
Metasequoia may sometimes made out, and 
suggested below (p. 185) they are longer and less im- 
bricate than those Sequoia. 

Long shoots, with indeterminate growth, may develop 
the ends branches living trees all three genera 
following elongation and wide spacing the leaves, 
short shoots grow out from axillary buds, and new 
branches are formed. This type growth partic- 
ularly conspicuous the case the living glyptostro- 
boides (see pl. fig. 8), whose long shoot needles may 
reach length three times that 
similar elongation may seen the leaves 
shoots bearing staminate cones. Unlike the short 
shoots which are deciduous the long shoots 
tend remain the tree branches, though the short 
shoots attached them are shed. Our experience with 
seedling trees the United States shows that long 
shoots are not well established with the coming 
winter, they may turn brown and drop off also. the 
Dugout Gulch locality the Bridge Creek flora the 
John Day Basin Oregon, there are numerous fossil 
specimens occidenialis representing long shoots 
whose distal ends short shoots were developing (see 
pl. fig. perhaps their abundance here may due 
exceptionally early winter which found long shoots 
incompletely developed, even tree with retarded 


This shoot from seedling growing Berkeley. 


CHANEY: SEQUOIA, TAXODIUM, AND METASEQUOIA 


[TRANS. AMER. PHIL. 


growth. Short shoots transition long, with their 
needles lengthened, are figured (pl. figs. 3). 
long shoot occidentalis which has developed into 
branch, with fully developed short shoots forming flat 
spray (in this case not oppositely placed because 
partial shedding shown plate figure Similar 
branches were developing from the long shoots 
responding fossil material 


LEAVES 


The reader referred the paired figures plate 
showing distichous shoots, two times enlarged, 
modern and fossil foliage the three genera. Shoots 
Metasequoia bear leaves which all cases are acicular 
and distichous; they are abruptly rounded the base, 
slightly all distally, with blunt, mucronate 
the mucro rarely preserved fossil specimens, 
which the leaf apex typically the autumn 
just before foliage shed seedlings growing 
Berkeley, not unusual find leaves whose tips 
have dried, resulting their curling under; this gives 
them the appearance having pointed apices, but 
may seen the long shoot, plate figure and 
the short shoot, plate figure other needles have 
normal shape; such shoots could scarcely confused 
with those Taxodium which the leaves are regularly 
acute. with pointed tips, 
dried, are occasionally found fossil shoots Meta- 
sequoia, but they are always minority. Shoots 
Sequoia with acicular and distichous leaves are com- 
monly associated the fossil record with others bearing 
scaly, appressed leaves; shape they resemble those 
Metasequoia, though they tend somewhat nar- 
rower proportion their length and are slightly 
narrowed distally; they are not narrowed the base, 
though their twisting the point attachment may 
simulate constriction. Shoots Taxodium with acic- 
ular, distichous leaves are also commonly associated with 
other specimens bearing scaly, appressed leaves; they 
have wider range shape than those the preceding 
genera, varying from linear almost the proportions 
Sequoia; they are more regularly narrowed distally, 
and have generally more slender appearance than those 
Metasequoia and Sequoia; like Metasequoia they are 
rounded the base, with short thick petioles. 

Needles are much more commonly missing from fossil 
shoots Metasequoia than from those the other 
genera the same true shoots glyptostroboides 
examined the ground Hupeh, and shed from seed- 
lings under cultivation appears that the 
petioles Metasequoia needles are more brittle than 
those Taxodium. 

The angle divergence the leaves from the stem 
distichous shoots provides means separating the 
three genera the majority fossil specimens. Meta- 


sequoia leaves commonly branch off angle ap- 
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proximately ninety degrees, and though many them 
may diverge lower angles, they rarely reach angle 
low forty-five there are almost invariably 
some each shoot which stand nearly right angles. 
The leaves Sequoia and Taxodium seldom branch 
off high angle, and specimens where such 
divergence found, the majority them are directed 
more acutely; whereas Sequoia leaves average about 
forty-five degrees their divergence, those Taxodium 
tend branch still lower criterion 
general value identifying many specimens foli- 
age the fossil record, but can lead error only 
few shoots are hand. 

The thinner texture Metasequoia and Taxodium 
leaves results more conspicuous imprint their mid- 
ribs than found fossil leaves Sequoia. Because 
differing lithology the matrix, and varying ex- 
cellence preservation, this criterion can used only 
conjunction with others means distinguishing 
Sequoia. 

character which separates many modern leaves 
Metasequoia from those the other two genera the 
presence abcission area lacking chlorophyll the 
base. This shown dark spot the base certain 
fossil needles (see pl. fig. 2). 

What appear the most constant characters for 
distinguishing the foliage these three are the 
mode insertion the leaves the shoot, and the 
alignment -and prominence their decurrent bases. 
These characters may seen the enlarged shoots 
distichous foliage shown plate The bases the 
leaves all three genera are twisted the point 
attachment, but the case Taxodium the line 
contact essentially right angles the axis the 
shoot, while Sequoia and Metasequoia oblique. 
The decurrent leaf bases the latter two genera are 
thickened and prominent, while those Taxodium are 
thin and inconspicuous; many students Taxodium 
fossils have reached the incorrect conclusion that the 
leaves this genus are not decurrent because their leaf 
bases are not always readily discernible. The leaves 
Metasequoia are rotated farther than those Sequoia 
and Taxodium, because their decussate phyllotaxy. 
result their decurrent bases are more twisted; 
fact they appear most specimens, living and fossil, 
oblique all the way down the point where they 
are covered the pair proximal the leaf 
bases Sequoia show obliquity for short distance 
along the stem, beyond which they tend take direc- 
tion parallel its axis. the case Taxodium, the 
trend the leaf bases below the orthogonal shoulder 
attachment essentially all the way. 


PISTILLATE CONES 


When cones are present, which the case most 
the Tertiary deposits where taxodiaceous foliage has 
collected, easy determine whether Meta- 
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sequoia represented. Its cones differ from those 
Sequoia and Taxodium the decussate attachment 
their scales, character which almost never obscured 
distortion (see pl. figs. 1-3). Attachment 
slender shoots second distinctive character Meta- 
sequoia cones (see pl. figs. although these 
shoots may incomplete, portion them com- 
monly preserved. some specimens, the decussate 
position the leaf bases may seen along the cone 
shoots (pl. fig. 2), but the leaves themselves are never 
persistent, and the cone shoots are always naked. Most 
our cones Metasequoia, both fossil and modern, 
have larger and fewer scales than the average those 
borne stalks are readily deciduous 
that they are never found attached close juxtaposition 
branch, the case with the more persistent 
cones affinis. fact, the great abundance 
Metasequoia cones the fossil record doubtless the 
result this deciduous habit. 

Pistillate cones Sequoia show scales with spiral 
attachment (pl. fig. pl. figs. 10, 12). 
Many them tend more globular than those 
Metasequoia but there such wide variation shape 
and size that these characters have little generic value. 
The cones Sequoia are borne short, scale-covered 
shoots, the ends leafy shoots which the leaves 
are scaly (pl. figs. Unlike those the 
other two genera, they commonly occur group the 
end branch, which may termed infrutescence. 
Immature cones are shown plate figure 

The scales Taxodium cones are readily deciduous 
that complete fossil specimens are rarely found, though 
detached scales are usual occurrence deposits con- 
taining the foliage the swamp cypress (see Condit 
1938: pl. fig. dozen specimens have 
been observed among thousands leafy shoots 
dubium from the Tertiary western North America. 
The most perfect these, from the Middle Tertiary 
Nevada, globular shape with its cone scales spirally 
disposed (see pl. fig. 11). The scales are rela- 
tively large size, and are fewer number than those 
Metasequoia and Sequoia. They are less symmetrical 
shape, the upper side truncate double concave, the 
lower broadly which characterize 
the distal margins many scales modern Taxodium 
cones are less conspicuous our fossil specimens. 
cone figured Berry (1934: 103, pl. 19, fig. from 
the Miocene Idaho has roughly hexagonal scales, and 
definitely referable dubium. The specimen 
figured “Fruit Sequoia spinosa” Newberry 
(1898: 22, pl. 53, fig. from the Eocene Alaska 
here refigured (pl. fig. 4). has been compressed 
longitudinally and its scales are rhomboid 
their general appearance, and the association this 
specimen with Taxodium foliage, indicate the propriety 
its reference None the fossil cones 
examined are attached shoots. 
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Taxodium are included collection recently received 
the National Museum from the Latah formation, 
well several cones and cone scales (see pl. figs. 
modern seed figured for comparison (pl. fig. 5). 
Although none these specimens occur actual at- 
tachment with foliage shoots dubium, their associa- 
tion considered provide adequate basis for assign- 
ing them all the same species. shall mention 
below that Berry did not follow this procedure, and 
named new species wilcoxianum, based seeds 
from the Wilcox (Eocene) formation Tennessee 
(1930: 53, pl. figs. 10-12) since none these show 
differences from the Latah material, consider them all 
represent the widespread Tertiary species, dubium. 


SEEDS 


living material, the chocolate colored seeds 
Sequoia may readily distinguished from those 
Metasequoia which are buff color. This character 
cannot used with fossil specimens, and their shape, 
size, and wings not provide any other basis for telling 
these genera apart. Two seeds figured those 
Brown from the Miocene Washington 
573, pl. 67, figs. are associated with abun- 
dant foliage shoots which show the characters 
occidentalis, does small cone also figured 
(fig. 10); since remains Sequoia are 
now recognized from this flora, may assume that 
these seeds are referable Metasequoia. The fossil 
seed figured plate figure also considered 
represent occidentalis, since foliage that species 
abundant the John Day locality where was col- 
lected, and since remains Sequoia have been found 
there. Seeds the living may readily 
distinguished from those Sequoia and Metasequoia 
their much shorter, thicker wings, and their 


STAMINATE CONES 


Impressions specialized, branching shoots bearing 
the staminate cones Metasequoia and Taxodium are 
numerous many Tertiary deposits which the foliage 
these genera known both genera they 
are attached the axils widely spaced, slender leaves, 


slender, beaklike, distal tips. Four fossil 


though the persistence these foliar units infrequent 


TABLE 


DISTINGUISHING CHARACTERS SPECIMENS 


METASEQUOIA 


Bearing shoots opposite pairs, 
forming flat sprays 


Long shoots 


SEQUOIA 


TAXODIUM 


Bearing alternate shoots, forming flat 
sprays, retaining spiral position 
terminal axis 


Bearing alternate shoots, forming flat 
sprays, retaining spiral position 
terminal axis 


Stem slender 

Phyllotaxy decussate 

Leaves disposed distichously except 
growing tips 


Short shoots 


Monomorphic, acicular 


Stem stout 

Phyllotaxy spiral 

Leaves disposed distichously except 
terminal branches where spiral 
position persists 

Dimorphic, acicular except termi- 
nal branches, there scaly 


Stem slender 

Phyllotaxy spiral 

Leaves disposed distichously except 
terminal branches where spiral 
position persists 

Dimorphic, acicular except termi- 
nal branches, there scaly 


prominent, 


Deciduous Persistent Deciduous 
Leaves Mostly acicular Mostly acicular Mostly acicular 
Narrowed base, petiolate Not narrowed base, sessile Narrowed base, petiolate 
Apex obtuse, mucronate Apex obtuse, mucronate Apex acute 
Angle divergence high Angle divergence intermediate Angle divergence low 
Midrib Midrib less conspicuous Midrib conspicuous 
Dark spot base 
Decurrent base prominent, obliquely Decurrent base prominent, obliquely Decurrent 
joined, obliquely trending along joined, less obliquely trending squarely joined, trending parallel 
stem along stem with stem axis 
Pistillate Deciduous Commonly persistent Deciduous 
cones Scales decussate Scales spiral Scales spiral 
Scales persistent Scales persistent Scales commonly deciduous 
Attached long, naked stalk with Attached short, scaly stalk attachment noted! 
basal scales 
Staminate Borne specialized shoots Solitary terminal short lateral Borne specialized shoots 
cones branchlets 


Decussate, commonly pairs 
Bracts decussate 


Bracts spiral 


Spiral, alternately attached 
Bracts spiral 


Cones the modern species are borne short, 


thick scaly shoots. 
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the case our fossils, especially those Taxodium. 
The staminate shoots may distinguished opposite, 
decussate attachment the case Metasequoia (pl. 
figs. 1-3), and alternate, spiral attachment Taxodium 
(pl. figs. 9). Sterling has pointed out (1949: 
463) that more than one strobilus may found the 
axils staminate shoots glyptostroboides; the 
occurrence additional cones has also been noted 
fossil specimens (pl. fig. 1), but they are commonly 
attached opposite pairs. Where spikes are 
crowded, the specimen just cited, may difficult 
determine whether the position the cones op- 
posite alternate, but most specimens the mode 
attachment readily discernible. well preserved 
specimens, the decussate arrangement the bracts may 
noted the cones Metasequoia (pl. fig. 2), 
and the spiral arrangement those Taxodium (pl. 
fig.9). Staminate cones are numerous the branch 
tips affinis from Florissant (pl. fig. 10), but are 
sparsely represented elsewhere the fossil record their 
solitary position foliage shoots distinctive, and 
their scales are spirally arranged. 
SUMMARY FOLIAGE AND CONE CHARACTERS 
The distinguishing characters Metasequoia, Se- 
quoia, and Taxodium, seen fossil specimens, are 
summarized table Using them have been able 
identify satisfactorily almost all the thousands 
specimens which have been handled during our present 
study. The most readily observable characters for iden- 
tifying Metasequoia the fossil record are its decussate 
phyllotaxy, decussate cone scales, and naked cone stem. 
The combination spiral phyllotaxy with broad needles, 
obliquely attached, distinguishes the foliage Sequoia, 
and its pistillate cones, short, scaly shoots, bearing 
numerous, spirally disposed, persistent scales are also 
distinctive. The slender, pointed needles Taxodium, 
spirally disposed, and the orthogonal attachment and 
axial trend their decurrent bases along the stem, pro- 
vide the easiest basis for recognizing this genus, whose 
pistillate cones are rarely preserved fossils. 


HISTORY THE STUDY SEQUOIA AND 
TAXODIUM FROM THE CRETACEOUS AND 
TERTIARY THE NORTHERN 
HEMISPHERE 


the light our present knowledge Metasequoia, 
seems scarcely possible that for nearly century its 
fossil leaves and cones were generally confused with 
those Sequoia and Taxodium. First recognition 
fossils representing these latter genera came European 
paleobotanists time when the living trees distant 
North America were known. From the outset 
there was difficulty distinguishing their fossil foliage, 
difficulty which persisted long after the excuse for such 
identification had disappeared. For many 
decades one appears have considered seriously the 
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possibility there being third genus represented. 
Few workers commented the phyllotaxy fossil 
conifer foliage, even considered have taxonomic 
significance. 

The record this inaccurate, often illogical, treat- 
ment the common fossil members the Taxodiaceae 
sequence and some detail, means correcting 
many the errors the past, and establishing the 
place Sequoia, Taxodium, and Metasequoia the 
geologic history western North America. 


EARLY STUDIES EUROPEAN PALEOBOTANISTS 
AND BOTANISTS 

The first reference foliage this type found 
Prodrome (1828: 108). are listed 
the following eight genera conifers: Pinus, Abies, 
Taxites, Voltzia, Juniperites, Cupressites, Thuya, and 
Thuytes. The third these, the form genus Taxites, 
described follows: isolées, portées 
sur court pétiole, articulées insérées spiral 
simple, peu nombreuses, déjetées sur deux rangs.” One 
the six species listed Langsdorfu; there 
description this other fossil species, but the 
word parenthesis interpreted indicat- 
ing that was represented small leafy 
shoots his collections. This species, designated 
Brongniart and others, now considered represent 
Sequoia (Brongniart) Heer. 

Only brief mention need made the cones de- 
scribed and figured Steinhauera (in Stern- 
berg, 1838: 202, pl. 49, fig. pl. 57, fig. 1-15), and 
further considered and Engelhart. Three 
species were distinguished the basis varying shape 
and size, all occurring lignitic deposits Oligocene 
age from Bohemia. Whether all these were correctly 
interpreted strobili conifers question, but some 
the specimens, shown figures 10, and 
plate 57, seem probably represent the ovulate cones 
Sequoia. Foliage this genus was later listed 
Kovats (1856: 41) from the Oligocene Bohemia 
under the then current name, 

The first description Taxites appeared 
without illustration 1847 Stephanus Endlicher’s 
classic volume, Synopsis Coniferarum. did 
not detect the relationship the fossil specimens 
Taxites his newly founded genus, Sequoia, 
two living species which, sempervirens and 
gigantea, also divided the living 
conifers into five orders, the Cupressineae, the Abie- 
tineae, the Podocarpeae, the Taxineae, and the Gne- 
taceae. the case corresponding groups 
modern classifications, most the common genera 
conifers were assigned the Cupressineae and the 
Abietineae. the Cupressineae distinguished five 


Jepson indicates (Silva California, 128) that the material 
assigned Endlicher gigantea was actually also referable 
sempervirens. 
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divisions, essentially family status, the fifth which, 
the Taxodineae, included Taxodium, Glyptostrobus, and 
Crytomeria. His description the Taxodineae (1847: 
Folia alterna.” contrast his description 
the Cupressineae verae, which states: “Strobili 
recognized the alternate position the needles Tax- 
odium, Glyptostrobus and Cryptomeria. The newly 
established genus, Sequoia, was included his order 
Abietineae the group (family) Cunninghamieae, along 
with Dammara, Cunninghamia, Arthrotaxis, and Sciado- 
pitys. With the exception Dammara, all these 
genera are now assigned the family Taxodiaceae, to- 
gether with Taxodium, Glyptostrobus, and Cryptomeria. 
sempervirens had originally been described 
Lambert (1824: 24) Taxodium sempervirens, and 
this name was general use his de- 
scription notes that the foliage semper- 
virens alternately distichous. 

The last fifty pages Endlicher’s Synopsis are de- 
voted the fossiles,” with brief references 
their stratigraphic and geographic occurrence. the 
Cupressineae placed seventeen form genera, using 
for most them the suffixes and 
this group were included fifty-three species, 
which europaeus and Taxodites dubius are 
among the most widely distributed and abundant fossil 
conifers the northern hemisphere, now known under 
the names Glyptostrobus (Brongniart) Heer, 
and (Sternberg) Heer, respectively. 
Under Abietineae Fossiles, designated forty- 
four species Pinites, subdividing this form genus into 
seven subgenera corresponding several modern genera 
the Pinaceae; among other form genera listed are 
Dadoxylon and Araucarites, both which names are 
still common listed fossil member the 
genus Sequoia. total 111 species are included 
under the Abietineae. the Taxineae are four species 
fossil wood, under the form-generic names Taxoxylum 
and Taxoxylon, and nine leaf species assigned Taxites. 
Among these the sixth the list 
Following the complete citation for the genus and 
species 

Taxites Brongn. 

Taxites Brongn. Prodr. 198. Endl. Gen. 264. 
Suppl. Unger Synops. 209. 

Folia brevi-petiolata, articulata, spiraliter 
disposita subdisticha, uninervia. 

170. Brongn. Prodr. 108. 
foliis linearibus subsessilibus acuminatis confertis, 
nervo medio valido stomatibus resiniferis paginam 


inferiorem dense 
lignitum Niddam prope Francofurtum. 


above indicated Endlicher failed recognize the 
resemblence these leafy shoots those Sequoia 


discussion Jepson, Silva California, Mem. Univ. 
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sempervirens, which had described for the first time 
preceding page. His assignment Cryptomeria, 
Glyptostrobus, and Taxodium the Cupressineae, and 
Arthrotaxis, Cunninghamia, Sciadopitys, and Sequoia 
the Abietineae, indicates lack awareness the 
relationships these groups genera, both now com- 
monly assigned the Taxodiaceae; similar confusion 
has lingered lessened degree for century down 
the present. There are fossil members the 
which with one exception represent species from tem- 
perate portions the northern hemisphere, for the 
past now this group has been limited low latitudes. 
single genus and species, Ephedrites Johanianus 
Gopp., was assigned Gnetaceae Fossiles.* 

may here summarize Endlicher’s treatment 
fossils now known represent Sequoia and Taxoditm: 

(1) originally listed Brong- 
niart, was placed the order Taxineae Fossiles. 
relationship Sequoia was not considered, and fossil 
material was assigned Sequoia. the basis 
modern material, Sequoia was placed the order 
Abietineae. 

(2) Taxodites dubius, originally described Presl, 
was assigned the order Cupressineae Fossiles. This 
consistent with the assignment Endlicher three 
living species Taxodium the division (family) 
Taxodineae, the order Cupressineae. The status 
other fossil species Taxodites not wholly clear, 
owing lack illustrations. least one them, 
europaeus referable the genus Glypto- 
strobus, also placed Endlicher the Taxodineae. 

(3) fossil material referable Metasequoia ap- 
pears have been included the collections reviewed 
knowledge the occurrence fossil west- 
ern where Sequoia and Taxodium are well 
represented, and where there record the foliage 
Metasequoia. Fossil pollen recently 
Simpson from Scotland (1949: 771) and considered 
him represent Metasequoia, may establish the Tertiary 
occurrence this genus western Europe. But for 
the present must considered have been rare 
absent over most this region, least the lowlands 
where most plant remains are buried the sedimentary 
record. 

The first figured specimen 
which have encountered short paper Unger, 
written 1849 and published the following year. 
Unger listed the occurrence twenty species, most 


interest compare the number fossil genera and 
species conifers known Endlicher with those currently listed 
fossil catalogues for North America. century ago, 
genera conifers and 178 species were represented the fossil 
record all the earth, with available collections largely restricted 
Europe. Sixty-four coniferous genera are now known 
occur fossils North America, and total 452 species have 
been described, although not all these are good standing. 
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which were referred temperate dicotyledonous genera, 
including Alnus, Quercus, Carpinus, Ulmus, Juglans, 
and Prunus, all represented leaves which are figured 
two excellent plates the only conifer included this 
flora cited and described follows (1850: 122) 


Taxites langsdorfii Brong. Prodr. 108. 208. 
Tab. Fig. 

linearibus subsessilibus acuminatis confertis, nervo 
medio valido resiniferis paginam 
feriorem dense obsidentibus discreto. 

pluribus locis formationis lignitum. 


The figured specimen (pl. 13, fig. leafy shoot 
2.5 centimeters long, broken the tip; its twenty needles 
are alternately placed and their mode at- 
tachment and shape indicate that they represent Sequoia. 

year later, volume published 1852, Unger 
wrote more comprehensive paper illustrated with 
twenty-two plates. page gives the following 
heading 


Sectio Acramphibrya 
DIVISIO GYMNOSPERMAE 
Classis CONIFERAE 


Under this class Unger recognized three orders, the 
Cupressineae, the Abietineae, and the Taxineae. the 
first these are described: (a) Taxodites dubius Stern- 
berg, with seven figured specimens (pl. 33), which 
suggested Heer (1855: 49) figure shows cone 
which closely resembles that figure 
appears represent several leafy shoots Sequoia; 
already confusion apparent among 
genera; (b) Glyptostrobus oeningensis Al. Braun, with 
three figured specimens (pl. 34) all which appear 
correctly identified generically; Heer has later as- 
signed this species europaeus (1855: 51). 
the Abietineae are included: (a) cretacea 
Endlicher, plant known only the fossil record, and 
represented also the Cretaceous North America; 
(b) Sequoia Ehrlichi Unger, which appears represent 
the first reference fossil material this genus; 
the leafy shoots and cone figured are sequoioid, which 
somewhat doubtful, they more closely resemble Se- 
quoiadendron than Sequoia; for comparison Unger 
figured branch gigantea Unger,” collected 
“von Hartweg Californien,” and which clearly rep- 
resents Sequoia sempervirens; (c) twenty-two species 
Pinites, represented needles, cones, and seeds which 
appear referable Pinus, though scarcely that 
species; (d) Brachyphyllum caulerpites, 
genus known only the fossil record; many species 
occur also the Mesozoic North America. the 


order Taxineae are assigned: (a) 
Brongniart, with five specimens figured plate 38, all 
referable Sequoia later suggested Heer (1855: 
(b) Taxites phlegetonteus Unger, with leaves 
larger than the preceding, but probably not specifically 
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distinct from it; Unger repeats his earlier description 
without change, and adds brief note 
regarding the sources his material. 

Goppert’s Monograph represents the most complete 
treatment the fossil conifers which had been written 
this time, but adds almost nothing our knowledge 
the early study Sequoia and related genera. 
lished 1850, had the benefit Endlicher’s Synop- 
sis, whose general classification 
tions six Endlicher’s species Taxodites are 
republished with minor additions, pages 192 and 
193. One new species, cycadinus, described and 
figured (pl. 22, figs. difficult make out the 
position the needles the shoots these illustra- 
tions, but resemblance Sequoia apparent. The 
figure europaeus (pl. 22, fig. clearly represents 
Glyptostrobus may also the specimen Cupressites 
racemosus figured plate 19. The group species 
placed under Taxites Endlicher, including langs- 
dorfu, altered only the addition new locality 
data, and five additional species based upon stems are 
included. There mention fossil Sequoia, though 
noted above cones assigned Steinhauera (pl. 45, 
figs. 3,5) somewhat resemble those this genus. 

1852 Weber included his Tertiarflora der Nieder- 
rheinischen Braukohlenformation (166) the unaltered 
leafy shoots figured plate clearly represent 
and are more complete than any previously shown. 
Also described and figured cone Steinhauera 
oblonga Sternberg, transverse section; this specimen, 
like some the leafy shoots, was collected the vicinity 
Bonn, and wholly possible that represents 
cone Sequoia. From this same general region are 
recorded such typical Sequoia associates Alnus, 
Carpinus, Quercus, and Ulmus 

Oswald Heer (1809-1883) was the first recognize 
that the leafy shoots actually rep- 
resent the genus Sequoia. page his first 
volume Flora Tertiaria Helvetiae, published 1855, 
redescribed them follows: foliis linearibus, 
basi angustatis adnato decurrentibus, confertis, patenti- 
bus, nervo medio, valido, 
ovalibus, squamis peltatis medio 
lowing listing previously published references 
Taxites langsdorfii, and the localities Switzerland 
from which his own material has been collected, Heer 
discussed the distinguishing characters the foliage 
Sequoia. These include the order their mention 
broad, stiff needles with strong midribs; decurrent at- 
tachment the needles which are somewhat narrowed 
the base; close spacing the needles the shoots 
pointed tips the needles the striped appearance the 
stems resulting from the heavy decurrent bases the 
needles. Heer does not appear have noted and 
any case did not refer to, the spiral attachment the 
needles which, when they are rotated into flat spray, 
gives them alternate position the shoot. was 
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aware difficulties distinguishing Sequoia from re- 
lated conifers, for his opening paragraph wrote: 

There deceitful resemblance the leafy twigs 

those dubium, and they can easily mistaken 
for them. ‘This species however, its leaves which 
are broader, stiffer and have stronger midrib; also the 
leaves are decurrent though somewhat narrower the base, 
fact which has been correctly demonstrated Weber and 
Unger. all these points our plant agrees with the 
Sequoia sempervirens Lamb. (Taxodium), mighty tree 
living Western North America. ‘The stiff leaves have the 
same form, position and insertion, and the distribution 
the pores similar. ‘This interpretation confirmed 
cones collected Monod. 
Heer continued with discussions the specimens fig- 
ured plates and 21: leafy shoots seem all 
properly referable Sequoia langsdorfii, showing the 
distichous arrangement and other characters mentioned 
his description. Judging from the figures, his cones, 
both pistillate and staminate, seem wholly unlike corres- 
ponding structures the living coast redwood, and 
correctly drawn come from the same 
plant the foliage; they will not further considered 
here. 

earlier page Heer had applied for the first time 
the name dubium material previously 
called dubius, Taxodites tournalti, Taxodium 
distichum fossile, and Taxodium rosthorni; his plate 
shows leafy shoots dubium, 
cone, and panicles bearing staminate cones. While 
not possible reach final decision from these figures, 
opinion that figure and perhaps some the 
others represent leafy Sequoia; there seems 
little question that the branch bearing several shoots 
figured Taxodium plate 21, figure (not 
mentioned his name line), also langsdor 
Figure plate shows leafy shoot with at- 
tached pistillate cone referred Taxodium dubium, but 
the cone seems more like Glyptostrobus than Taxodium 
this part specimen figured, and much more 
cleariy, Unger his Iconographia Taxodites 
dubius, and have already indicated its resemblance 
Glyptostrobus. this confusion between 
Sequoia Taxodium and Glypto- 
strobus europaeus—confusion which was continue for 
many years—Heer appears have been able dis- 
tinguish most cases the foliage Sequoia and Tax- 
odium from Tertiary deposits Switzerland and else- 
where Europe. 


THE STUDY SEQUOIA AND TAXODIUM FROM 
THE CRETACEOUS AND TERTIARY 
HIGH NORTHERN LATITUDES 
HEER’S ARCTIC STUDIES 

During the middle decades the nineteenth century, 
when there developed active interest arctic explora- 
tion, fossil plants were collected from numerous locali- 
ties high northern latitudes. The first mention 
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such collections from North America Grewingk’s 
account the Alaska coast (1850), which records 
foliage Taxodium and leaves doubtfully referred 
Alnus from the Kenai Peninsula (p. 114) and from 
Unalaska (p. 364), shale and lignite probably 
Eocene age. years later GOppert presented paper, 
later published (1866), which mentioned leaves 
collected Adolf Eman Kamchatka 1829, includ- 
ing kleines Blattschen, warscheinlich von Taxodium 
together with Acer sp., Alnus kefersteinii, 
Carpinus sp. and Juglans, sp., all which compared 
with leaves from the Miocene Europe. Referring 
later collections (p. 199), listed Sequoia langs- 
from Atanekerdluk, Greenland; Acer, Alnus, and 
Platanus from Iceland (no conifers mentioned) and 
from Halbinsel and the Aleutian Islands, Alaska, such 
common genera Alnus, Juglans, Populus, and Salix, 
together with Sequoia langsdorfu (from two 
and dubium (from four localities). cited 
the occurrence these conifers and angiosperms the 
Miocene Europe, Siberia, Kamchatka, Vancouver 
Island, and Bellingham Bay, Washington 
Referring specifically langsdorfu, noted that this 
species had been recorded from many European locali- 
ties, and also probably northwestern America Van- 
couver, giving Lesquereux his authority for the 
this species not mentioned Lesquereux from Van- 
couver Island (1859a), though mentions foliage 
Sequoia from Coos Bay, Oregon. Goppert concluded 
that the climate Alaska, Greenland, Iceland, and 
Kamchatka was milder than that today, judged 
from vegetation like that now living central and 
southern North America and Europe. While there are 
illustrations indicate the character his specimens, 
seems reasonable assume that his was 
the same type vegetation which for many years there- 
after was referred that species from many localities 
the northern hemisphere, and which now know (in 
the case figured material) represent Metasequoia. 
seems probable that some his specimens were cor- 
rectly referred dubium, though judging from later 
determinations figured material they may also have 
represented Metasequoia part. This appears 
the first series misidentifications, which 
shall see have confused our understanding Cretaceous 
and Tertiary floras for nearly century. 

Most the early collections found their way Os- 
wald Heer, who was the highest authority the past 
vegetation Europe. was only natural that 
should recognize from Tertiary and Cretaceous deposits 
high latitudes some the genera and species which 
had described from western Europe. Many his 
identifications were correct, and form the basis for our 
present theories the distribution vegetation dur- 
ing later periods earth history. But determining 
Sequoia the most abundant type leafy 
shoots the arctic collections, Heer followed the error 
for the foliage identified clearly that 
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Metasequoia rather than Sequoia, shown his 
illustrations. Viewing this error retrospect, 
difficult understand why should have confused two 
genera whose needles and phyllotaxy are readily 
distinguishable. But only fair mention that for 
many decades other paleobotanists and botanists who 
have had occasion study fossil collections from high 
and middle latitudes have made the same mistake. The 
cause for this confusion appears lie the fact that the 
spiral attachment the needles Sequoia, living and 
fossil, was not generally mentioned and appears not 
have been considered distinctive. result the 
decussate phyllotaxy many fossil foliage specimens 
which now recognize Metasequoia was not noticed 
Heer, nor others who studied his specimens and 
similar material during later years. 

paper presented before the Royal Society 
London, November 21, 1861, which reference will 
made below the discussion Heer 
listed the known species Sequoia, living and fossil, 
and had the following say 1053) regarding 
Sequoia Langsdorfi, Br; spread over 
the whole Miocene formation, Italy, Germany, Switz- 
erland, France, Isle Mull, Greenland, Bear-lake River, 
Vancouver Island, from the Unga the shore Aleski, 
Russia near this early date, Heer 
had already examined collections from the Arctics and 
from middle latitudes North America, and had in- 
correctly identified the abundant leafy shoots Meta- 
sequoia 

Flora Fossilis Arctica 

Seven years later, the first volume his monu- 
mental Fossilis Arctica, Heer redescribed and fig- 
ured Sequoia many specimens leafy 
shoots and cones from the Tertiary Greenland and 
northern Canada. All these have the characters 
Metasequoia. impossible sure, merely from 
reading his text and examining his illustrations, whether 
not few Heer’s Tertiary specimens from the 
Arctic may have been correctly referred Sequoia. 
Only after the type specimens have been restudied shall 
the presence absence langsdorfii these north- 
ern floras. Certainly this species not represented 
the Eocene flora Alaska, extensive collections 
which have recently handled, and which will dis- 
cussed detail below. Nor has been observed 
other arctic collections the United States National 
Museum. Among the specimens collected from Tertiary 
deposits Noursoak Peninsula Greenland Schu- 
chert and White 1897 are abundant leafy shoots with 
opposite needles, and stalked cones with decussate 
scales, all which consider represent Metasequoia. 
Specimen number 1048, collected Kumlier Hare 
Island, labelled but represents the foli- 
age the Tertiary species Metasequoia, occiden- 
talis. All Peary’s conifer material, classified 
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langsdorfii (nos. 2606, 2616) and tinajorum 
(no. 2617), shows opposite needles and assign 
occidentalis. collection from Advent Bay, Spitz- 
bergen, includes more than hundred leafy shoots (no. 
34129) labelled and foliage specimen 
tinajorum (no. 34137), which consider represent 
specimen which appears indicate the presence 
high latitudes during the Tertiary period. 
Judging from the environment and habits the living 
coast redwood, sempervirens, which 
closely related, seems highly improbable that any 
Sequoia this distichous type has ever lived far north. 
But regardless its presence absence there, the great 
majority the specimens arctic floras described 
Heer and others are properly referable 
Metasequoia. 

Heer gives the following modified description 

foliis rigide coriaceis, linearibus, apice abtusiusculis, 
planis, patentibus, distichis, confertis, basi angustatis, adna- 


todecurrentibus, nervo medio valido, strobilis breviter ovali- 
bus, squamis compluribus, peltatis. 


significant note that the apex the needles 
described obtuse, whereas stated that the needles 
had pointed tips his study material from Switzer- 
land. the lengthy discussion which follows, Heer 
presents his reasons for believing that the coast redwood, 
Sequoia sempervirens, the living species most similar 
the Greenland fossils. points out that 
leafy shoots sempervirens have their bases 


short, scale-shaped, closely-joined leaves arranged twos; 
this true for twigs which grow out buds the spring. 
The twigs that grow during the summer not possess the 
short, scale-shaped, nether leaves. observe the same 
the fossil species. have branches (pl. 47, fig. 
which the twig begins with such scale-shaped little leaflets 
and have others (pl. 45, fig. 18) which these are 
missing, and which must, doubt, considered summer 


Such basal needles characterize but 
similar needles are also found shoots from the older 


byMiki his original description the genus 


described and figured and Cheng (1948: 
156); and observed specimens collected for 
Hwa and Cheng Szechuan and Hupeh. ap- 
pear somewhat longer than those Sequoia, and 
remain less closely imbricate. impossible reach 
wholly satisfactory conclusion regarding the basal 
leaves the fossil shoot shown Heer figure 
plate 47, but they appear longer and less im- 
bricate than the scales the base the spring shoots 
sempervirens, and resemble more nearly those 


use quotation marks around Sequoia 
this discussion designed emphasize our belief that the 
Tertiary material assigned from high latitudes not the 
same that constituting this species Europe. 
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glyptostroboides. Still more direct evidence that 
this specimen represents Metasequoia rather than Se- 
quoia comes from the opposite position the needles 
the shoots, and their more blunt apices. 

Referring the shape the needles, Heer states that 
“In shape the leaves agree completely with those Se- 
quoia sempervirens and only the small delicate tip miss- 
ing however, the leaf means rounded there, but 
becomes smaller the tip just with sempervirens” 
(translation). this statement disagree- 
ment; most the needles figured Heer from Green- 
land, Spitzbergen, and Alaska are broader than those 
sempervirens, are less narrowed distally, and more 
bluntly rounded the tip; these respects they re- 
semble the leaves glyptostroboides. There may 
tendency this living species Metasequoia toward 
elongate, tapering needles long shoots, observed 
seedlings laboratory; but their tips are in- 
variably more rounded than characteristic 
Regarding the decurrency the fossil leaves, Heer 
states: the living species |i.e., sem- 
pervirens|, they the needles| run down along the 
twig the base that oblique impressions 
served fig. 20, somewhat 
tion). Both Sequoia and Metasequoia show similar 
oblique bases along the shoot, this provides cri- 
terion for separating them. mentioned above and 
noted Heer, the decurrent bases the needles 
Taxodium extend down parallel with the axis the 
shoot, and can readily distinguished. Not considered 
Heer this discussion, but primary significance 
distinguishing the foliage Sequoia and Metasequoia, 
the position attachment the shoots and the 
needles upon them. enlarged figure mentioned 
above shows three alternately attached needles, and 
accurately drawn must considered represent the 
foliage Sequoia. Another enlarged figure (fig. 
the same plate) shows two needles 
opposite attachment. the thirty-five figures show- 
ing its foliage this and other plates the Greenland 
flora (pl. 45, figs. 18; pl. 47, fig. 3b), twenty-eight 
show all most the needles opposite pairs, three 
show alternate position, and four are too incomplete 
obscure indicate their arrangement. seems 
probable that when this paper was written Heer was 
wholly unaware the significance the mode attach- 
ment shoots and needles “S. The 
Mackenzie foliage illustrated the same volume shows 
three shoots with opposite needles, one with needles 
opposite and alternate (from which the enlargement, 
pl. 21, fig. was made with four alternate and 
one indefinite. The Alaska flora, published 1869, 
shows two shoots with opposite needles (vol. pt. 
pl. fig. 10, another Greenland flora the same 
volume includes four shoots with opposite needles and 
three with alternate. All ten shoots “S. 
the Spitzbergen flora, figured plate volume 
(1877), have needles typically opposite, though 


enlarged drawing one them (fig. pl. 12) 
shows alternate attachment and position; plate 
the same paper, five shoots are figured with opposite 
needles, and there are three enlarged drawings showing 
the needles essentially opposite, though the position 
their decurrent bases both alternate and opposite. 
Shoots from the Amur Valley (vol. pt. pl. 15, fig. 
13a) and Sakhalin (vol. pt. pl. fig. 11) show 
opposite needles, though accompanying enlargements 
indicate alternate attachment. Two shoots from the 
Mackenzie Valley (vol. pt. no. pl. figs. 2a, 
have opposite needles. four shoots from Greenland 
volume two (pl. 86, figs. 2b, 9b) have opposite 
needles and blunt tips, while two others (pl. 68, fig. 6c; 
pl. 70, fig. 12) have alternate needles and acute tips; 
the latter appear referable “Taxodium dis- 
much confusion the assignment leafy shoots 
Taxodium distichum miocenicum several these 
volumes; majority the foliage specimens figured 
show opposite needles, and, shall indicate below, 
they should assigned Metasequoia, together with 
most all the leafy shoots 

his paper volume 1877, find 
Heer first considering the position attachment 
shoots branches, and needles shoots; his 
description Sequoia disticha (page 63) includes 
“ramulis oppositis” and “foliis 
ing this species with “S. his discussion, 
twigs are standing opposite, while the 
twigs which are yet fastened the branches Sequoia 
those have seen now, any rate 
—have rule alternating twigs, the case also 
with the living species sempervirens). However 
opposite position sometimes occurs branches 
alternate twigs (vol. pl. 45, fig. 
18).” (The last sentence somewhat free translation 
“Indessen kommt zuweilen bei Langsdor 
mit alternirenden Zweigen auch die Gegenstandigkeit 
vor.”) The qualifying phrase “as regarding 
the alternating twigs “S. and reference 
figured branch which two twigs are opposite (in 
opinion the remainder appear alternate 
cause one several pairs had fallen) shows that Heer 
was aware some deviation from the typical alternate 
attachment characterizing leafy shoots 
virens. Regarding the position the needles 
disticha, states: short twigs have distichous 
needles, pointing outward and almost opposite” (trans- 
lation). mention made the fact that this 
also true for most the shoots his “S. 
fact, figured, the needles the shoots both 


elsewhere indicated, Miki founded the genus Metasequoia 
upon Heer’s specimens Sequoia disticha from Spitzbergen, and 
upon his own material from the Tertiary Japan. notes 
the “distichous” arrangement the needles, but although 
shows them opposite his figures, does not use the words 
“decussate” “opposite” his description and discussion. 
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fossil species are typically opposite rather than 
and they are referable without question Metasequoia 
rather than Sequoia. does not, this com- 
other his papers have read, discuss the position 
the needles the shoots the latter species. Without 
seeing his specimens, can only guess whether the 
drawings showing alternate needles, 
above cited, are accurate, and whether they are con- 
clusive evidence the occurrence Sequoia these 
floras. seems improbable that they are. 
closely upon the question the representation 
Sequoia Heer’s lengthy discussion the cones and 
seeds “S. Since the seeds modern 
Sequoia and Metasequoia differ only color, char- 
acter which they cannot distinguished the fossil 
state, they need not considered here. The male cone 
shown figure plate and enlarged figure 19, 
solitary the end shoot bearing spirally attached, 
scaly needles, and seems represent Sequoia. This 
may also true for the specimen shown figure 18; 
the second cone lateral position may have been in- 
cluded mistake, have been accidentally associated 
with the terminal cone. part figure also shows 
two male cones the end shoot bearing scaly 
needles, and may represent abnormal incorrectly 
drawn specimen Sequoia. cones are wholly 
different from those figured Heer (vol. pt. pl. 
figs. vol. pt. pl. fig. 10a) “die mannli- 
chen Bluthensweige” Taxodium distichum 
nicum Heer; attached oppositely stalk, these are 
typical male aments Metasequoia. latter will 
discussed below our consideration Heer’s treat- 
ment the Tertiary species Taxodium from high 
latitudes. properly drawn and interpreted, Heer’s 
male cone material suggests the presence Sequoia 
well Metasequoia the Tertiary floras the Arctic. 

Regarding the pistillate cone “S. 
writes 

With the aid cone cross sections and scales the shape 
and structure the cone can determined with certainty. 
Table XLV, fig. represents such reconstructed cone. 
notice that little larger than the cone the 


sempervirens and that bears more numerous scales [trans- 
lation 


The reason why Heer put many scales his re- 
constructed cone may that built the basis 
spiral rather than decussate attachment. the same 
plate, figure 13a shows stalked cone longitudinal 
section with five six scales either side; with de- 
cussate attachment this would bring the number scales 
not more than twenty-four. The small flattened cone 
shown figure 15b has decussate attachment its 
scales, which numbered about twelve. Another small 
cone, figure 16a, seems have the same number. Cones 
also from Greenland, appear have borne twelve 
twenty scales. Two cones assigned brevifolia, 
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and shown the same plate, are not readily distinguish- 
able from their scale number also ranges 
from twelve about twenty, and one them (fig. 
typically decussate with portion the stalk at- 
tached. cone from Spitzbergen (vol. pl. 25, fig. 
15), shown longitudinal section, had most twenty 
scales and appears have been decussate. seems ap- 
parent that Heer had reconstructed his cone the 
basis decussate attachment, would have drawn 
twenty-four twenty-eight scales instead the more 
than forty which were involved his spirally arranged 
figure. The small cone shown figure plate 
volume has anomalous characters; the scales are 
decussate arrangement, and the cone attached 
shoot bearing closely-spaced needles which appear 
opposite. If, appears probable, this represents 
cone Metasequoia, hard explain the numerous 
needles along the stalk. The same may said for the 
scales the stalk the cone shown figure 13a 
plate 45. Needles the cone-stalk the living Meta- 
sequoia are widely spaced, decussate, and almost always 
shed before the cone opens falls the ground. 
not altogether satisfactory attribute the inconsistencies 
Heer’s figures inaccuracies drawing, but this 
seems more probable than that the stalked cones 
Metasequoia from the Tertiary Greenland bore closely 
spaced persistent needles. Fossil cones have collected 
North America and Asia have stalks identical with 
those the living Metasequoia, the cones from 
the Pliocene Japan which were the basis for Miki’s 
original description. possible, though unlikely, that 
these two stalked cones represent Sequoia, and that the 
apparently decussate arrangement the needles and 
cone-scales error drawing. The true status 
these specimens can known only after they have been 
restudied the light our present knowledge Meta- 
sequoia. the meantime there convincing evi- 
dence the occurrence pistillate cones the Sequoia 
type. 

This prolonged analysis Heer’s concept “Sequoia 
recorded from high northern lati- 
tudes, has sought establish opinion that most all 
the specimens designated his text and illustra- 
tions actually represent Metasequoia occidentalis. The 
only specimens “S. which appear 
correctly referred Sequoia are the male cones from 
Greenland, though few leafy shoots and pistillate cones 
may also belong that genus. Since possible that 
these may belong one the several other species 
Sequoia described Heer, becomes desirable 
survey the generic and specific status all the leafy 
shoots figured Flora Fossilis Arctica. These include 
ten Upper Cretaceous species Sequoia, six Tertiary 
species Sequoia, and also six Tertiary species Tax- 
odium, with which genus the foliage Sequoia has been 
confused from Heer’s day down the present. The 
headings include the name assigned Heer, the general 
locality, and the volume, page, and plate citations 
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Flora Arctica. Since the specimens themselves 
have not been available for study, attempt will 
made revise the specific names. 


(Geinitz) Heer. Greenland, Spitz- 
bergen. Vol. pt. no. 83, pl. 63, figs. 1d, 2b, 
5a; vol. pt. 77, pl. figs. pl. 20, figs. 
1-8; vol. pt. 101, pl. 28, fig. pl. 34, fig. 
vol. pt. 126, pl. 36, figs. 1-8, pl. 37, fig. 
vol. pt. 16, 52, pl. 28, fig. 

This characteristic Cretaceous species widely dis- 
tributed over the northern hemisphere. appears 
properly referable Sequoia, Sequoiadendron 
defined Buchholz modern relation- 
ships are with Sequoia gigantea, 
though the pistillate cones, found attached leafy 
shoots, are somewhat smaller. 

the collection Schuchert and White from the 
Upper Cretaceous (Patoot) Noursoak Peninsula are 
several specimens reichenbachi foliage (nos. 1734 
part, 1739 part). 


Heer. Greenland. Vol. pt. 78, pl. 
21, 91, pl. 25, fig. vol. pt. 17, pl. fig. 
52. 

Leafy shoots this species are somewhat smaller 
than the preceding, and the attached, pistillate cones 
are also smaller. they represent variant 
reichenbachi. 


rigida Heer. Greenland. Vol. pt. 80, pl. 
22, figs. 91, pl. 25, fig. 102, pl. 27, figs. 
8a, Ya, 10, 11, 12a, 13, 14, 128, pl. 38, figs. 9a, 10; 
vol. pt. 52, pl. figs. 10-12, pl. fig. pl. 21, 
fig. pl. 24, fig. 3b; vol. 13, pl. 53, figs. 

The leafy shoots this species appear have spirally 
attached needles, and some specimens may distichous. 
The needles are longer, more slender, and more widely 
spaced than those the preceding species. There are 
attached cones. Whether this material represents 
Sequoia difficult determine. decurrency 
the needles more suggestive Glyptostrobus. 


gracilis Heer. Greenland, Spitzbergen. Vol. 
pt. 80, pl. 18, fig. 1c, pl. 22, figs. 

but with more appressed needles. specimen figured 
gracilis, var. has somewhat open 
the cones illustrated Heer are correctly drawn, and 
attached the foliage shoots, they are referable Se- 
quoia (Sequoiadendron). There general resem- 


smittiana Heer. Greenland. Vol. pt. 82, 
pl. fig. pl. 17, figs. pl. 18, figs. 1b, 20, figs. 
5b, 7c, pl. 23, figs. 1-6. 

seems probable that the material figured for this 
species volume part represents more than one 
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species and genus. Foliage specimens, figure 
plate 17, figure plate 20, and figures and 
plate have short scales along the axis the 
shoots, and not resemble Sequoia; neither the 
cones attached the shoot shown figure plate 
23, which more nearly resemble those 
closer resemblance apparent the cones and foliage 
living species Tsuga. Further study Heer’s speci- 
mens may show generic identity with this other genera 
conifers. 

Some leafy shoots (pl. 12, fig. 10b, pl. 17, fig. pl. 
18, fig. 1b, and pl. 23, fig. have broad, opposite 
needles with blunt tips. seem referable Meta- 
sequoia cuneata, but attempt can made, without 
access the specimens themselves, establish their 
specific status. 

Seward (1926: 103, pl. 10, figs. 90, 92) has figured 
smittiana (Heer) Seward several leafy 
shoots with spirally attached needles from Greenland 
which believes represent the same plant some 
those mentioned the preceding paragraph. later 
reference Seward this species (1935a: 216) seems 
based opposite-needled shoot the Meta- 
sequoia type, mentioned page 192 below. 


fastigiata (Sternberg) Heer. Greenland. Vol. 
pt. 102, pl. 27, figs. 128, pl. 38, figs. 12, 13; 
vol. pt. 53, pl. figs. 7-9, pl. 17, fig. pl. 28, 
fig. vol. 15, pl. 51, figs. 11, 12, pl. 53, figs. 

Comparison this with other scaly-leafed specimens 
leads believe that this species not distinguishable 
from reichenbachi. This suggestion confirmed 
study Hollick’s types fastigiata from the Cre- 
taceous Alaska (1930: 57, pl. 21, figs. which 


will considered below. 


subulata Greenland. Vol. pt. 102, 
pl. 27, figs. 3b, 8b, 15a, pl. 28, figs. 3-6, pl. 29, figs. 2c, 
7b, pl. 34, fig. la; vol. pt. 54, pl. fig. pl. 
fig. pl. 12, fig. pl. 17, figs. 9b. 

The foliage this species figured Heer varies 
aspect from scaly distichous. Needles the latter 
type appear alternately attached most specimens, 
and are slender with acute tips. These leafy shoots 
may represent Sequoia more probably Taxodium, 
and are readily distinguished from Metasequoia. 


concinna Heer. Greenland. Vol. pt. 13, 
pl. 49, figs. 8b, pl. 50, fig. 1b, pl. 51, figs. 2-10, pl. 
52, figs. 1-3, pl. 53, fig. 

According Hollick (1930: 57) this scaly-needled 
species difficult distinguish from 
Study his figured specimens suggests that both species 
should placed under reichenbachi, will in- 
dicated further below. The large number specimens 
figured Heer from Greenland, showing leafy shoots 
and cones, confirm the assignment concinna 
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Seward (1926: 102) has placed under concinna 
several specimens fastigiata, reichenbachi, and 
subulata described Heer from the Cretaceous 
Greenland. 


langsdorfii (Brongniart) Heer. Greenland. Vol. 
15, pl. 53, fig. 

single shoot from Kingigtok has opposite needles 
with blunt tips, and not distinguishable from certain 
foliage specimens smittiana mentioned above. This 
latter material and the specimen from Kingigtok both 
appear represent cuneata, does leafy shoot 
described Seward from the same locality (1935: 12, 
pl. fig. which will mentioned below. 


macrolepis Heer. Greenland. Vol. 16, pl. 
51, figs. 

This species based upon two cones, the longer 
which appears resemble those Pinus. Absence 
foliage makes further discussion inappropriate. 


Summarizing conclusions regarding the Upper 
Cretaceous species Sequoia recorded Heer from 
high northern latitudes, have indicated opinion: 
(1) that two species, smittiana (in part) and 
show the foliage characters Metasequoia 
and may assignable cuneata; (2) that two 
species, rigida and subulata, show general resem- 
blance Sequoia the sempervirens type, but that one 
them more closely resembles Glyptostrobus, and the 
other Taxodium; (3) that five species, reichenbachi, 
gracilis, fastigiata, and concinna, are 
closely related conspecific, and that they resemble the 
living Sequoia (Sequoiadendron) gigantea. 

addition these interpretations Heer’s figures 
sequoia the Upper Cretaceous Greenland in- 
dicated numerous cones with naked stems and de- 
cussate scales (nos. 1734 part, 1735 part) collected 
Schuchert and White from the Patoot formation, 
and recently studied the National Museum. 


(Brongniart) Heer. Greenland, Spitz- 
bergen, Siberia, Sakhalin, Alaska, north Canada. Vol. 
pt. 91, pl. figs. 2-22, pl. 45, figs. 13a, pl. 47, 
fig. 3b; vol. pt. 23, pl. fig. 10, 464, pl. 40, 
fig. 5b, pl. 43, figs. 1-3, pl. 44, figs. 2-4, pl. 46, figs. la, 
7b, pl. 55, fig. 3a; vol. pt. pl. fig. pl. 
figs. vol. pt. 59, pl. 12, figs. 3-9, pl. 13, figs. 
1-11, pl. 25, fig. 15; vol. pt. 52, pl. 15, figs. 13a, 
14, pt. 22, pl. fig. 11; vol. pt. 13, pl. 
figs. 2a, vol. 61, pl. 68, fig. 6c, pl. 70, fig. 12, 
pl. figs. 2b, 

the discussion preceding pages, evidence has 
been presented for the conclusion that all, nearly all, 
the foliage and cone specimens assigned Heer 
this species are properly referable occidentalis. 
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This the most widely distributed conifer the Eocene 
high northern its occurrence middle 
latitudes North America and Asia during later Ter- 
tiary time also well established. But western 
Europe, where the was first described, 
and where has been correctly reported from many 
localities, there record yet the foliage cones 
Metasequoia, though pollen grains considered refer- 


able this genus have recently been noted. (Simpson, 
1949: 771). 


brevifolia Heer. Greenland, Spitzbergen. Vol. 
pt. 93, pl. fig. 23; vol. pt. 39, pl. 
62, pl. 66, figs. 

first described from Greenland, this species was 
leaves, more rounded the apex.” The attachment 
the needles, shown plate figure 23, vol. 
not altogether uniform, with some alternate and others 
opposite pairs. Specimens from Spitzbergen (vol. 
are also inconclusive, but have more needles opposite 
than alternate (see especially pl. fig. 
specimen from Greenland (vol. has needles largely 
entirely alternate. The cones referred this species, 
above mentioned, have decussate scales and one 
them shows naked stem; both are Metasequoia. 
one more the leafy shoots may represent Sequoia, 
seems much more probable that all them are refer- 
able Heer’s “S. and are assignable 
occidentalis. worthy mention that two 
shoots from the Baltic Miocene, described and figured 
Heer year later brevifolia (1869: 21), show 
consistently alternate and spiral attachment their 
needles, does his specimen figured 
one the same plates; all these are correctly re- 
ferred Sequoia, and probably represent single 
species, the true suggested Schenk 
(1891 288). 


couttsiae Heer. Greenland. Vol. pt. 94, 
pl. figs. pl. fig. 14, pl. 45, fig. 19; vol. pt. 
464, pl. 41, figs. 1-9, pl. 42, fig. pl. 48, figs. 4d, 
vol. pt. 63, pl. 48, fig. 6b. 

Leafy shoots this species from Greenland bear 
spirally attached, scaly needles wholly unlike those 
Metasequoia. This foliage resembles that the living 
Sequoia (Sequoiadendron) gigantea Decnaisne, men- 
tioned Heer his original discussion couttsiae 
from deposits Oligocene age Bovey Tracey, 
land cones described from the 
latter locality and Greenland are typically sequoioid, 
but are somewhat smaller than those gigantea. 
Staminate cones from both localities are also like those 
gigantea; the specimen shown plate 49, figure 
volume part not distinguishable from the male 
19, volume part number above discussed. 
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seems probable that this latter cone should assigned 
couttsiae. 

chenbachi (Geinitz) Heer, wide 
distribution including Greenland. 


sternbergi Heer. Greenland, Iceland, 
Sakhalin. pt. 140, pl. 24, figs. 7-10; vol. 
pt. 10, pl. figs. 1-4; vol. pt. 22, pl. fig. 
10; vol. 63, pl. 70, fig. 13, pl. 96, figs. 5b, 10, 11. 

The foliage this species, illustrated, may not all 
belong the same genus. Most the specimens show 
spirally attached, scaly needles which 
semble couttsiae, and none them 
are involved the problem Metasequoia dis- 
tichous-needled Sequoias. 


Heer. Greenland, Spitzbergen. Vol. 
pt. 36, pl. fig. 13, pl. figs. la, 4-38; vol. 

The needles this species are conspicuously decurrent 
ured from Spitzbergen Heer (vol. 3), and are spirally 
attached alternate position. They are clearly not 
referable Metasequoia, but many most the leafy 
shoots show resemblance the distichous foliage 
Glyptostrobus, genus characterized similar de- 
currency. The cone shown figure plate 
presents problem; its scales appear decussately 
arranged, and attached long, naked stalk; but 
the needle scars the stalk indicate spiral attachment 
probably this cone Metasequoia, with the stalk 
scars inaccurately drawn. Leafy shoots from Greenland 
(vol. also are strongly suggestive the flat sprays 
Glyptostrobus, though final judgment can reached 
without seeing the specimens themselves. 


disticha Heer. Spitzbergen. Vol. pt. 63, 
pl. 12, fig. 2a, pl. 13, figs. 10, 11. 

The foliage characters this species have already 
been discussed page 186. Opposite attachment 
the leafy shoots indicates that this material referable 
Metasequoia. probably specifically identical 
with the material Heer referred from 
this and other northern localities, and which term 
occidentalis. 


sibirica Heer. Siberia. 
figs. 

This another species with spiny needles spirally 
attached. impossible determine from Heer’s 
illustrations whether specifically distinct from 
sternbergi and which resembles, 


pointed out Heer (1878: 35). 


Vol. pt. 34, pl. 


Summarizing conclusions regarding the Tertiary 
species Sequoia recorded Heer from high northern 
latitudes, have indicated opinion: (1) that three 
species, brevifolia, and disticha, 
show the foliage characters Metasequoia, and that all 
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three are probably assignable the same 
occidentalis; (2) that three species, couttsiae, 
sternbergi, and are closely related, and that 
they resemble the living (Sequoiadendron) 
(3) that one species, prob- 
ably referable Glyptostrobus. This leaves arctic 
species Tertiary Sequoia which has distichous foliage, 
and which might confused with Metasequoia. 


Tertiary species Taxodium 


angustifolium Heer. Spitzbergen. Vol. pt. 
156, pl. 30, figs. 

improbable that this species, represented 
single foliage shoot, specifically distinct from 
dubium. The spiral attachment and shape the needles 
indicate that the specimen correctly referred 


odium. 


dubium (Sternberg) Heer. Greenland, Spitz- 
bergen. Vol. 89, pl. figs. 24-27, pl. 12, fig. 1c, 
pl. 45, figs. 12, 156, pl. 30, figs. 

Two types foliage are discussed and figured under 
this name. Some specimens (vol. pt. no. 89, 
pl. 12, fig. pl. 30, figs. pl. 45, figs. 11d, 12d) 
have slender needles with pointed apices, spirally at- 
tached and alternate position; they are correctly re- 
ferred this genus and species. Others (vol. pt. 
no. 89, pl. figs. 24-26) have broader needles with 
blunt apices, closely spaced opposite pairs; they are 
referable occidentalis (“S. score 
specimens which are figured the same plate. 
Three the pistillate cones figured plate figs. 
11b, 12a, seem clearly represent Taxodium, 
may two others shown figs. and 12c. 


distichum miocenum Heer. Alaska, Grinnell Land, 
Greenland, Sakhalin, Spitzbergen, Siberia. Vol. pt. 
21, pl. fig. pl. fig. pl. figs. 5b, pt. 
32, pl. pl. 16, figs. 8b, vol. pt. 463, pl. 43, 
pl. fig. 4b, 19, pl. fig. vol. pt. 57, pl. 
13, figs. 12, 13, pl. 25, figs. 9b, 13; vol. pt. 23, 
pl. figs. pt. 33, pl. fig. pl. fig. 
49, pl. 15, figs. pt. 22, pl. fig. pl. 25, 
fig. vol. 60, pl. 70, fig. 11, pl. 87, fig. pl. 88, 
fig. pl. 96, figs. 

originally described Heer, from the Baltic flora 
(1869: 18) the foliage this species “distantibus, 
alternis, and the specimens has figured 
seem correctly referred Taxodium. This not the 
case for those from Alaska (vol. pt. 21, pl. fig. 
pl. fig. 11c, pl. fig. 5b, all the needles which are 
attached opposite pairs, nearly opposite 
convince that they are further difference 
from the Baltic material that its needles have pointed 
apices, while those the Alaska specimens have blunt 
tips. These differences led Knowlton many years ago 


(1919: 617) synonymize specimen, assigned 
distichum miocenum and collected from Oligocene de- 
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posits the John Day Basin Oregon Newberry gave 
the locality Birch Bay Washington) 
shall have occasion consider this specimen below 
consideration the early studies John Strong New- 
berry western North America. already indicated, 
most all the material referred 
from North America and high northern latitudes now 
considered represent occidentalis. The same 
true for the Alaska specimens assigned Heer 
distichum miocenum, and also for leafy shoots 
corded from Grinnell Land (vol. pt. 23, pl. 
figs. 1b-9) from Greenland (vol. pt. pl. 
figs. 13d, 19, pl. fig. vol. 60, pl. 70, fig. 
11, pl. 87, fig. from Spitzbergen (vol. pt. 32, 
pl. pl. 16, fig. 8c; vol. pt. 57, pl. 13, figs. 12, 
13, pl. 25, fig. 9b) from Siberia (vol. pt. 33, pl. 
fig. pl. fig. and from the Island Sakhalin 
(vol. pt. 22, pl. fig. 9). addition Heer 
figured the male aments distichum 
several spikes with staminate cones attached opposite 
pairs, from Grinnell Land (vol. pt. 23, pl. 
fig. 10a), and from Spitzbergen( vol. pt. 32, pl. 


fig. 3). These are typical male aments oc- 
cidentalis. Figure the last mentioned plate shows 


clusters staminate cones attached subopposite posi- 
tion the this arrangement also characteristic 
occidentalis pointed out Sterling, (1949: 
463). 

Other foliage specimens miocenum 
figured Heer appear correctly referred that 
genus, and should probably placed under synonymy 
with dubium. are characterized slender 
needles, most instances with sharp apices, and attached 
alternate position (see vol. pt. pl. figs. 20d, 
21; vol. 60, pl. 88, fig. 2b, pl. 96, figs. 8,9). The 
remains Taxodium and Metasequoia are commonly 
found together many Tertiary localities the western 
United States (Chaney, 1949: 125) and their association 
the Eocene floras high latitudes therefore 
expected. 


tinajorum Heer. Alaska, Siberia, Spitzbergen. 
Vol. pt. 22, pl. figs. 1-5; vol. pt. 57, pl. 
25, fig. 14; vol. pt. 33, pl. figs. 30a, 38. 

The leafy shoots this species, from Alaska, Spitz- 
bergen, and Siberia have slender needles with spiral 
attachment, and appear correctly referred generic- 
ally. seems probable that they are all referable 
dubium. 


figs. 30b, 

Eight specimens from Siberia appear represent 
young shoots occidentalis. Some their needles 
are pointed, the case with juvenile shoots the 


living species. 


Vol. 


Siberia. 


distichum angustifolium Heer. 
pt. 52, pl. 15, figs. 
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Two specimens from Possiet Bay, southeastern Si- 
beria, (figs. 10, 11) show opposite needles the shoots, 
and are cle; ‘ly referable occidentalis. third 
specimen 12) has needles somewhat more slender 
and apparei attached alternately may referable 
dubium. 


Summarizing conclusions regarding the Tertiary 
species Taxodium recorded Heer from high north- 
ern latitudes, have indicated opinion: (1) that three 
species, distichum miocenum, distichum angusti- 
folium (in part), and gracile, show the foliage char- 
acters Metasequoia, and appear assignable 
(2) that four species, angustifolium, 
dubium, tinajorum, and distichum 
(in part), show the foliage characters Taxodium, and 
that all them should placed under dubium. 
the most abundant conifer these northern floras. 
With both these species now referred occidentalis 
the predominance the latter species arctic floras 
Tertiary age all the more apparent. did not 
recognize Taxodium his Cretaceous collections, and 
have seen his illustrations material which ap- 
pears certainly referable that genus. 

Heer was man great ability and keen insight. 
His two major achievements, the three-volume study 
the Miocene plants Switzerland, and his seven 
volumes describing the floras the Arctic, constitute one 
the most significant contributions the history 
paleontology. Working day when modern vegeta- 
tion was incompletely known, and with fragmentary 
fossil collections largely made others, 
evitable that should make systematic errors confusion 
between Sequoia and Taxodium may excused the 
more readily when realize how few botanists and 
paleobotanists today have distinguished the detached 
foliage fossil species these genera. most 
serious errors resulted from more fundamental weak- 
ness, his practice recognizing the fossil floras the 
Arctics and elsewhere the northern hemisphere the 
species which had described from the Miocene 
Switzerland. was this bias which led him mis- 
identify the leafy shoots Metasequoia Sequoia, and 
date many older Tertiary floras Miocene. 


Mackenzie River Flora 


Throughout his life Heer maintained active in- 
fossil floras from Arctic regions. Returning 
discussion the Mackenzie River flora, which 
had first described short paper Flora Fossilis 
Arctica (1868: 135), reported twelve years later ona 
collection made with the assistance the Hudson’s Bay 
Company, giving analysis the stratigraphic and 
geologic distribution the twenty-three species in- 
cluded There are illustrations which 
his determinations can checked, but seems probable 
that the specimens distichum miocenum 
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and Sequoia which distinguished were all 
referable Metasequoia occidentalis. any event, 
the leafy shoots figured his earlier paper langs- 
are referable the latter species, are all 
practically all the leaves distichum 
designated him and others from the Tertiary high 
northern latitudes. Writing few years later 
small collection from Grinnell Land (1878), Heer 
mentions the abundance miocenum. 
mentioned above with reference his paper volume 
Flora Fossilis Arctica, the foliage and staminate cones 
known from that farthest north Tertiary plant locality 
all represent occidentalis. significant note 
that the discussion following the presentation 
Heer’s paper, Ramsey suggested polar shift explan- 
ation this high latitude occurrence, while Murie, Sol- 
las, and Heer himself endorsed the idea mild climate, 
with subsequent cooling and migration southward. 
1880 much was known regarding composition and age 
the fossil floras western North America. 
Dawson had described (1875: 328) Tertiary flora 
from Porcupine Creek, sixteen degrees south the 
Mackenzie locality, which believed Eocene 
age; suggested that the Mackenzie flora and those 
from elsewhere the Arctic were also Eocene age. 
Heer the cosmopolitan character the “Miocene” 
floras the northern hemisphere, based first correla- 
tions between Switzerland and high northern latitudes, 
and later those with the western United States, was 
established fact. Failure take into consideration 
the existence climatic zones during the Tertiary 
period, and interpret floras from high latitudes 
older than those similar composition from middle 
latitudes, was continue for several decades. The 
persistence these stratigraphic and paleogeographic 
errors the more difficult understand since year 
before Heer’s second paper the 
Gardner had written follows (1879: 

Thus useless seek the Arctic Regions for Eocene 
floras, know them our latitudes, for during the 
Tertiary period the climatic conditions the earth did not 
permit their growth there. Arctic fossil floras temperate, 
and therefore Miocene aspect, are all probability 
Eocene age, and what has been recognized them 
newer Miocene facies due their having been first 
studied Europe latitudes which only became fitted for 
them Miocene times. 

Heer had been for many years committed the idea 
uniform climate and cosmopolitan northern floras that 
was wholly unable analyze objectively the time- 
space relations Tertiary vegetation. down 
our day, the idea tropical climate high latitudes 
has its adherents, with resultant need for drifting con- 
tinents, wandering poles, other hypotheses unsup- 
ported the fossil plant records the era. 


OTHER ARCTIC STUDIES 
During the past seventy years many additional col- 
lections Cretaceous and Tertiary plants have been 
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made high northern latitudes. Published statements 
regarding them have the main followed the ideas set 
forth Heer. shall consider here only few 
the more significant these contributions. 


Nathorst, Tertiary Plants Ellesmere Land 


the Report the Norwegian Arctic Expedition 
the Fram, Nathorst figured many 
fragmentary shoots “Sequoia from the 
Tertiary Ellesmere Land. All these which are 
sufficiently well preserved bear the needles both 
sides the shoots show them attached opposite posi- 
tion, and there question their reference 
Metasequoia the occidentalis type. Nathorst con- 
sidered some detail the basis for assigning his material 
Sequoia rather than Taxodium dis- 
tichum since all nearly all the speci- 
mens both these forms represent the same species, 
occidentalis, have here another example the 
confusion these related genera the most competent 
workers. 


Seward, Cretaceous Plants Greenland 


his discussions coniferous foliage 
Cretaceous Greenland, Seward (1926: 102; 1935: 
15) applied the form genus name Sequoiites rather than 
Sequoia. This practice was consistent with his attitude 
skepticism toward the reference many plant fossils 
modern genera view their incomplete state 
preservation. Seward indicates his textbook (1919: 
346) that many impressions Sequoia cones and foliage 
from rocks Jurassic and Lower Cretaceous age “do 
not bear close this opinion full 
agreement. further states: 


Though the majority instances Jurassic and Cre- 

taceous records not prove the former presence Sequoia 
closely allied type, some them afford justification for 
the belief that the American trees are survivals from least 
the later floras the Mesozoic era. the other hand 
Tertiary strata many parts the world supply clear 
evidence the wide distribution Sequoia some nearly 
related Conifers Europe and elsewhere. 
His suggestion the reference Tertiary fossil material 
“Sequoia some nearly related Conifers Europe 
and elsewhere” has almost prophetic quality. But 
whatever may have thought, Seward (1919: 352- 
355) failed distinguish between the true Sequoia 
with alternate-needled shoots from 
and the “S. Heer from Greenland, Spitz- 
bergen and Alaska, whose leafy shoots have opposite 
needles which are assignable Metasequoia; and his 
figures Sequoiites langsdorfii from the Tertiary 
Greenland page 354 actually represent Metasequoia, 
for the phyllotaxy opposite. 

later paper 16) Seward and Conway 
refer Elatocladus smittiana foliage specimen (pl. 
fig. 22) which appears have opposite needles and 
referable Metasequoia. The shape the 
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needles suggests the assignment this specimen 
cuneata. Sequotites concinna represented foliage 
shoots (pl. 15, pl. figs. 18, 21) which would find 
difficult distinguish from reichenbachi; Seward 
considered the possibility that two forms shoot 
represent different ages and stages one 
quoia fastigiata certain authors also placed under 
Sequotites concinna Seward; have suggested above 
(p. 188) that believe fastigiata inseparable from 
reichenbachi. The discussion Sequotites langs- 
from beds uppermost Cretaceous early Ter- 
tiary age Greenland (1935: 12) mentions the Kingig- 
tok specimen figured Heer (1883: 15, pl. 53, fig. 
which have considered above. The needles this 
shoot, and two Seward’s specimens (pl. figs. 
have the characteristic shape occidentalis 
but the third Seward’s specimens (pl. fig. has 
broad, obovate needles, and appears represent the 
Cretaceous species, cuneata. Since Seward’s speci- 
mens are recorded from two localities, possible that 
they came from two horizons, older Cretaceous with 
cuneata, and younger Tertiary, with the specimens 
occidentalis. 


HOLLICK’S ALASKA STUDIES 


find frequent references over period many 
years fossil conifers from the Cretaceous and Tertiary 
Alaska, under the authorship Newberry, Les- 
quereux, Knowlton, and Hollick. Some these shall 
briefly mention considering the contributions these 
men. But most the Alaska records are summarized 
two volumes Arthur Hollick which 
constitute the most comprehensive studies northern 
floras since the days Heer. 


Cretaceous Floras Alaska 


The first these considers the Upper Cretaceous 
floras from the lower Yukon Valley and Alaska Penin- 
sula (1930). There included discussion eight 
nominal species Sequoia based upon foliage, and 
numerous sequoioid addition there are species 
Cephalotaxopsis and Torreya (Tumion) with which 
are concerned, and reference Taxodium. These 
genera will here considered the order above given, 
with citations the numbers assigned critical speci- 
mens the collections the United States National 
Museum. Where there definite basis for revision, 
the name names consider properly applicable follow 
the name used Hollick parenthesis. 


Sequoia 

ambigua Heer (S. reichenbachi?), 56, pl. 20, 
figs. la, 5-7. 

The scaly needles this species are somewhat more 
stout than those other similar species, and are spirally 
attached. Whether these shoots represent distinct 
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cannot answered here, but seems probable 
that all the scaly foliage the Alaska Cretaceous may 
properly referable reichenbachi. 


fastigiata (Sternberg) Heer (S. reichenbachi), 
57, pl. 21, figs. 

Hollick mentions that the leafy shoots this species 
are hardly distinguishable from concinna, and 
should farther indicate that both these species 
seem referable reichenbachi. 


concinna Heer reichenbachi), 57, pl. 22, figs. 
6-8, pl. 27, figs. 1-3. 

Hollick mentions the similarity certain shoots 
this form fastigiata and reichenbachi. 
opinion, shared Brown the United States 
Geological Survey, that all three these species may 
best assigned reichenbachi. 


(Geinitz) Heer, 57, pl. 22, figs. 
pl. 27, fig. 

The needles this species are alternately attached, 
and are varying length. Like those above mentioned, 
this widely distributed and typically Cretaceous form 
shows general resemblance Sequoia (Sequoiaden- 
dron) gigantea, the living Sierra redwood. 


rigida 58, pl. 19, fig. Za, pl. 25, fig. 

Spiral phyllotaxy characterizes this species. The 
needles are distichously arranged, and their decurrent 
bases are suggestive Taxodium rather than Sequoia 
Glyptostrobus. This scarcely sufficient evidence 
for definitely recording Taxodium from the Cretaceous 
Alaska. Specimen no. 37448 appears represent 
Glyptostrobus. 


58, pl. 22, figs. 

Needles the two shoots figured are slender and 
widely spaced. Judging from the specimens examined, 
there basis for separating them from groen- 
landicus, whose needle bases also have broadly decurrent 
bases. 


subulata Heer? (G. groenlandicus), 58, pl. 25, 
figs. 

These specimens are poorly preserved, but the shape 
and mode attachment the needles specimen no. 
37749 suggests groenlandicus rather than Taxodium 
Sequoia. 


obovata Knowlton (Metasequoia cuneata), 58, 
pl. 25, figs. 10-12, pl. 29, fig. 2b. 

Needles are attached opposite position specimens 
nos. 37450, 37451, and 37452, and there question 
that these shoots are referable Metasequoia rather 
difficult distinguish from cuneata from the Upper 
Cretaceous Vancouver Island; they seem represent 
the same plant, and cuneata, now cuneata, has 
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priority. The broad character the needles also in- 
dicates specific identity with brevifolia, 
species the Upper Cretaceous the Moun- 
tains, and also referable Metasequoia; brevifolia 
shows characters which separate from cuneata 
which has priority. 


Sequoia sp. (cones) Hollick, 59, pl. 20, figs. 
pl. 23, figs. 

Two types cones are represented this material. 
Those Sequoia are attached leafy shoots short 
stems; those Metasequoia have long stems without 
several specimens are difficult place because 
their poor preservation. The following assignments 
are made: 

reichenbachi, pl. 20, figs. pl. 23, figs. 
All these cones show spirally attached scales, and four 
them are attached leafy shoots. Since only one leaf 
species Sequoia now recognized from the Cretaceous 
Alaska, consider sound procedure assign all these 
cones that species, spite their difference size. 

decussate scales, and most them are borne long naked 
shoots. consider them referable the same species the 
leaves the Cretaceous. Figure plate shows some 
resemblance cone Taxodium; other evidence 
now hand for the occurrence this genus deposits 
this age, and the cone too incomplete establish such 
generic record. Specimen no. 37434, shown figure 
plate 23, shows two cones closely associated with leafy 
shoot reichenbachi; since these cones are stalked and 
have scales oppositely attached, they are clearly referable 
Metasequoia rather than Sequoia. 

Taxodium sp., pl. 23, fig. cone incomplete, 
but its scales have the shape and general appearance those 
Taxodium. 


Cephalotaxopsis 

Hollick’s systematic treatment this genus highly 
unsatisfactory. study his material hetero- 
phylla and intermedia has convinced that most 
all assignable Torreya; many the needles 
show opposite attachment, the case juvenile 
shoots that genus; the needles are too narrowed 
distally resemble those Metasequoia. Probably 
both these species should placed under Hollick’s 
Tumion (Torreya) gracillimum. This may also the 
proper reference for the foliage Hollick assigned 
microphylla laxa; but there question whether some 
the specimens may not represent shoots Taxodium. 
The trend the leaf bases several the specimens 
the National Museum suggestive Taxodium, but 
those Torreya also have similar longitudinal trend 
and final opinion can now offered regarding their 
assignment Taxodium. This genus has not been 
elsewhere reported from beds Cretaceous age, and 
hoped that additional collections including charac- 
teristic cones may made substantiate this sugges- 
tion. Seward has previously mentioned (1935a: 16) 
his discussion Elatocladus smittiana the confused 


state the Alaska Cretaceous material assigned 
Cephalotaxopsis Hollick. 


Torreya (Tumion) 


Tumion? suspectum Hollick (M. cuneata), 55, pl. 
19, figs. pl. 29, fig. 1b. 

Hollick was uncertain whether this material was as- 
signable Torreya Cephalotaxopsis. their 
shape and phyllotaxy, the needles are typical for 

Taxodium 


Taxodium sp. Knowlton, specimen has 
not been figured, and its whereabouts unknown. 


Summarizing the study Hollick’s Cretaceous ma- 
terial, find that nine nominal species which 
assigned Sequoia there are three, fastigiata, 
and reichenbachi, which represent Sequoia 
Sequoiadendron there fourth, ambigua, which 
probably belongs with this group also; several the 
cones cited Sequoia sp. are properly assigned this 
genus, and are considered represent reichenbachi. 
Material doubtfully assigned rigida appears rep- 
resent Glyptostrobus, possibly Taxodium. The spec- 
imens which Hollick placed under rigida spinifolia 
and subulata appear referable groenlandica. 
obovata shows the typical characters Metasequoia, 
and assigned cuneata, are some the cones 
designated Sequoia Tumion sus- 
pectum also represents Although there are 
several foliage specimens rigida microphylla 
laxa) and cone which show resemblance Taxodium, 
there adequate evidence now available for recording 
this genus from the Cretaceous Alaska elsewhere 
high northern latitudes. 

Hollick’s treatment these and other conifers 
confused and inadequate, his handling the sys- 
tematics the Cretaceous angiosperms. 
revision these floras will necessary before their 
composition becomes adequately known, their rela- 
tionship the Tertiary floras Alaska. 


Tertiary Floras Alaska 


comments the taxonomic inaccuracy Hol- 
lick’s Cretaceous volume apply even greater degree 
this volume Tertiary plants. Many generic as- 
signments are incorrect, and species are unduly mul- 
tiplied. shall confine the present discussion the 
genera and species Tertiary conifers which are related 
the Metasequoia problem. 


Sequoia 

brevifolia Heer (M. occidentalis), 46, pl. 15, 
pl. 78, fig. 6b. 

have indicated opinion above (page 189) that the 
material from the Tertiary Greenland and Spitzbergen 
assigned this species Heer not readily separable 
from his “S. langsdorfii,” occidentalis. Many 
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years ago and more recently, Seward has expressed 
similar opinion (1919: 354; 1935: 12). Needles 
young shoots the living glyptostroboides tend 
broad and short, and closely spaced the shoots. 


have seen none which show the same breadth one of: 


Heer’s specimens from Greenland (vol. pt. no. 
pl. fig. 23), those figured Hollick (nos. 
38711, 38975), but seems probable that all these 
represent variants occidentalis. 


Heer (M. occidentalis), 47, pl. 15, fig. 

share the opinion Hollick that this species not 
specifically distinct from langsdorfu.” Specimen 
no. 38710 way different from dozens shoots 
“S. from Alaska and many other localities, 
now known represent 


Hollick mentions cone figured Knowlton (1904: 
152, pl. 22, fig. from the Alaska Peninsula, and com- 
pared him Lesquereux’s type material from Sage 
Creek, Montana (1878: 78, pl. fig. 
specimen has been studied the National Museum 
(no. 30068), and noted here Hollick under the 
heading: Sequoia sp. (cone). represents typical 
stemmed cone occidentalis; the same true for 
Lesquereux’s specimen, refigured plate figure 

Hollick mentions that the foliage resembles 
closely that the specimens which 
shows plate 15, figures 2-4; these are typical shoots 
occidentalis. 


(Brongniart) Heer occidentalis), 
47, pl. figs. la, 4b, pl. 10, figs. 2b, 3a, pl. 12, figs. 
2-5, pl. 13, figs. 4a, pl. 14, pl. 15, figs. 1-6, pl. 32, 
1b, pl. 33, 1c, pl. 86, fig. 2b, pl. 108, fig. pl. 110, fig. 

The status this species has been fully described 
elsewhere, that little need here men- 
tions certain specimens are hardly 
distinguished from tinajorum Heer and 
dubium (Sternberg) actually many his spec- 
assigned these two species are identical with his 
cidentalis. Hollick mentions several varieties, including 
one Heer’s, but apparently did not take them very 
seriously. 


spinosa Newberry (T. dubium), 48. 

Reference made specimen figured Newberry 
(1898: 21, pl. 53, fig. 4), which shall consider dis- 
cussion Newberry’s Later Extinct Floras North 
America (see below, page 203). This specimen (no. 
7119) shows characters which can dis- 
tinguished from dubium. The cone figured New- 


Taxodium 


crassum Hollick (T. dubium), 48, pl. 16, fig. 
(M. occidentalis), 64, fig. 
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view corresponding variation shape needles 
the living distichum, find basis for separating 
this species, represented specimen no. 38720 from 
dubium. However, above indicated, one the 
two specimens figured Hollick clearly represents 
foliage shoot occidentalis, for the needles are op- 
posite and blunt-tipped (no. 38918). 


dubium (Sternberg) Heer, 48, many unfigured 
specimens occidentalis), pl. 16, fig. pl. 51, fig. 5a. 

There are numerous specimens dubium this 
Alaska flora, including those described under two varietal 
names below. But both the specimens which Hollick 
here figures, nos. 38719 and 3886, have opposite needles 
and all the other characters the foliage Metasequoia. 
Hollick mentions the narrow, pointed needles one 
his specimens. mentioned the description 
Metasequoia and the discussion the living species, 
its needles may curl under near the apex the time 
shedding, stimulating pointed tips; this just the time 
when foliage shoots would have entered the fossil record, 
not surprising find this type preservation 
occasionally. 


dubium longifolium Massalongo (T. dubium), 
49, pl. 16, fig. 

The specimen figured (no. 38718) has longer needles 
than are typical for but this variation seems 
scarcely basis for assigning form noted the 
Miocene Italy, for similar size differences may 
noted the equivalent living species, distichum. 
its general appearance this specimen does not resemble 
Taxodium, and its status uncertain. 


dubium normale Massalongo (T. dubium), 50, 
pl. 13, fig. 4b, pl. 16, fig. 

Whatever may said the varietal status this and 
the preceding form, can scarcely expected that such 
varieties would found from Alaska Italy, over 
lapse time from Eocene Miocene. The specimens 
figured Hollick, numbers 38701 and 38712, show 
features which are not found scores spec- 
imens from the Tertiary western North 
America, and refer them that species without hesita- 
tion. 


occidentale Newberry (M. occidentalis), 50, pl. 
16, fig. pl. 109, figs. 10. 

The specimens here figured (nos. 38717, 39082, 
39083) show phyllotaxy and blunt tips; they 
are somewhat broader than average, but fall well within 
assigning them Newberry’s species from the Eocene 
Washington (1863: 517) for shall mention be- 
low, this was the first description material which 
actually represents Metasequoia. 


tinajorum Heer (M. occidentalis), 50, pl. 10, 
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Most the specimens assigned this species are 
typical foliage shoots occidentalis (nos. 38692, 
38702, 38703, 38704, 38705) two Hollick’s figures 
(pl. 13, fig. and pl. 18, fig. 5b) are too incomplete 
surely determinable, but they appear also represent 
mentions that his material 
not readily distinguishable from and 
quotes Knowlton having difficulty separating his 
tinajorum from distichum miocenum. Such dif- 
ficulty not strange, since all three these species were 
regularly misidentified Hollick and Knowlton, and 
since all them represent occidentalis. 

the other hand, the material from Alaska which 
Heer assigned tinajorum is, above indicated, 
properly referable Taxodium, though should place 
under 


Glyptostrobus 


europacus (Brongniart) Heer. 51, most fig- 
ures; (M. occidentalis). fig. 

Most the specimens assigned europaeus appear 
correctly identified, though some slabs also show 
foliage occidentalis. One figure, representing 
specimen no. 38723, typical foliage shoot 


occidentalis. 


Summarizing this study Hollick’s Tertiary material, 
have indicated that five forms Sequoia differen- 
tiated, spinosa appears referable dubium, 
while the remainder, brevifolia, disticha, heerii, 
and Sequoia cone, show the characters 
single species Metasequoia, occidentalis. 
Two Hollick’s species Taxodium, occidentale 
and tinajorum (but not the latter Heer), are like- 
wise assignable occidentalis. One his spec- 
imens europaeus also has the foliage characters 
occidentalis. Three species Taxodium, 
crassum, dubium, and normale, are here 
doubtfully included this genus. 

These latest studies high latitude floras from North 
America solved none the systematic problems which 
had arisen during preceding decades. This the more 
disappointing since the material available was more 
abundant and better preserved than that 
haps was the very abundance conifer specimens 
which caused Hollick recognize many species, 
and assign what are now interpreted Metasequoia 
five other genera. 


THE STUDY SEQUOIA AND TAXODIUM 
FROM THE CRETACEOUS AND TERTIARY 
TEMPERATE NORTH AMERICA 

During the middle years the past century, time 
when collections from the Arctic were receiving the at- 
tention Heer, the exploration western North Amer- 
ica brought our pioneer geologists into areas where 
Cretaceous and Tertiary sediments terrestrial origin 
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are widely exposed. Dana, Hayden, Newberry, 
Condon, and Lesquereux fell the opportunity making 
the first collections fossil plants from many classic 
localities. Study this material Newberry and 
Lesquereux the United States, and Dawson 
Canada, laid the foundations for our understanding 
“the later extinct floras” this continent. Specimens 
Sequoia and Taxodium which came into their hands 
were variously interpreted, and with lack under- 
standing which has continued down our day. The 
sequence floras, and the rock layers which they 
occur, was subject prolonged disagreement which 
can scarcely said ended. But out these 
pioneer studies have come many the materials and 
ideas which our current investigations depend. 


JAMES DANA 


the year 1849 there was published under the author- 
ship James Dana the geology volume the Ex- 
ploring led Captain Charles Wilkes. 
pages 729-730, the section devoted paleontology, 
appears the following brief statement 

Plants 

Near the mouth Fraser’s River, dark blue slate was 
observed party from the Vincennes, and specimens 
obtained, one which represented figure 10, plate 21. 
supposed pertain the tertiary formation the 
coast, and the same age that Astoria. The 
leaves are all beautifully preserved, shown the figure. 

No. may Lycopodium, possibly Juniperus. 


7,8, are leaves one more species 
Taxodium. 


Nos. 11, 12, 13, 14, 15, uncertain species. and 
are opposite sides, probably similar 13, 14, 
are like No. 11. 

The same specimen contains, round piece fossil 
resin, probably from some the coniferous plants whose 

leaves are here imbedded. 
Figure Dana’s plate here reproduced plate 
This specimen has not been found, but another 
specimen collected him figured plate through 
the courtesy the New York Botanical Garden. Four 
the specimens figured Taxodium the Atlas 
Dana’s report, plate 21, are typical leafy shoots Meta- 
sequoia with opposite needles (see nos. 7); 
they represent occidentalis. Three shoots (nos. 
show needles less regularly opposite, 
status uncertain; they may represent occidentalis, 
but the needles nos. and are more suggestive 
dubium. One shoot, no. clearly represents the 
distichous type foliage the branch bear- 
ing several shoots with scaly needles also 
referable dubium. Regarding the other leaves, no. 
10, considered Dana leaf Smilax, more 
probably the base leaf Cercidiphyllum. Nos. 


11-15, species unknown Dana, seem probably 
referable Betula (figs. 11, 12) and Carpinus 
Nos. and 17, not 
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mentioned Dana, are leaves Typha some other 
aquatic monocotyledon. far the record shows, 
this the first fossil plant specimen ever collected the 
western United more than usual interest 
because there are represented the slab leaves resem- 
bling four the common members the Arcto-Tertiary 
Flora, Metasequoia, Betula, Carpinus, and 
lum. These genera have been found together Ter- 
tiary rocks from scores localities western North 
America, Greenland, Spitzbergen, and northern Asia; 
they occur today immediate association the Shui- 
hsa-pa Valley western Hupeh, the only area where 
Metasequoia has survived. The whereabouts the 
specimen figured Dana unknown. have recently 
studied the collections the New York Botanical 
Garden second specimen unquestionably collected 
Dana. The rock heavy gray shale with well-de- 
veloped bedding planes. one side has been glued 
yellow paper label handwriting, 
follows: 


Taxodium distichum 
Glyptostrobus 
Tertiary, Birch Bay 
Mouth Frazer River 


the reverse side the label are the words: 


distichum 


without question mark. The upper (unlabelled) side 
this specimen (pl. 10, fig. shows five short shoots 
Metasequoia, and long shoot bearing opposite 
pair short shoots and several large needles some 
which are opposite pairs; these appear what 
Newberry identified distichum There 
are fifteen more leafy shoots with slender needles, 
alternately attached, which believe 
dubium, and which doubtless represent what Newberry 
identified Glyptostrobus. Two fragments appear ref- 
erable Betula, but may Carpinus. The labelled 
side the specimen bears numerous shoots Meta- 
sequoia and Taxodium, small leaf Carpinus, and the 
tip leaf which probably represents 
detailed description seems appropriate both because 
the historical significance the specimen, and because 
there are represented most the species that ap- 
pear Dana’s figure. Another specimen the collec- 
tion New York has similar matrix, with label 
written Newberry follows: 


Taxodium 
Carpinus grandis Ung 
Glyptostrobus 


Both sides this slab (pl. 10, fig. show shoots 
Metasequoia and addition there are several 
angiosperm leaves least one which appears 
Carpinus grandis, and, the reverse side, mono- 
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cotyledon like that figured seems probable 
that this one the specimens collected near the 
Dana locality George Gibbs, geologist the North- 
west Boundary Commission but there 
nothing indicate Newberry’s label. The spec- 
imen singular interest because attached 
label with the name occidentale 
this name was first used paper presented New- 
berry the Boston Society Natural History 
October 1862, which discussed the material 
collected Gibbs from Tertiary deposits Bellingham 
and Birch Bay, Washington Territory. 


JOHN STRONG NEWBERRY (1822-1892) 


John Strong Newberry was the first paleobotanist 
visit western North America, and study the record 
the fossil plants with which are here concerned. 
Neither Dawson nor Lesquereux, who with Newberry 
may considered the founders 
botany, turned their interest the western side the 
continent until later, nor did they have comparable field 
experience the West. The first paper American 
fossil plants, Dawson, antedated seven years New- 
berry’s earliest contributions, and like them dealt with 
the Carboniferous eastern North America (1846). 
Newberry was practicing physician Cleveland when 
wrote his first paleobotanical papers Carboniferous 
plants from Ohio (1853, c,d). first 
paper paleobotany (1854), Carboniferous plants 
from Pennsylvania, was longer but was wholly devoted 
descriptions, without illustrations and with dis- 
cussion. Whereas Lesquereux brought with him from 
Switzerland the points view and nomenclature Heer 
and other European paleobotanists, Newberry’s pioneer 
field studies and writings the fifties were destined 
develop truly indigenous concept American paleo- 
botany and geology. other workers the West, 
was building stratigraphic column based upon 
American floras and faunas, which the years that 
followed came accepted Americans and 
peans alike. Newberry was endowed with 
physique which enabled him take full advantage 
his many opportunities travel into regions then remote 
and unknown. 


Early Exploration the West 


1855 served geologist and botanist ex- 
ploring party sent out the War Department under the 


the New York collection have seen specimen 
odium Newberry numbered 89b, from Nanaimo, 
with label printed the top “Smithsonian Institution, Wash- 
ington City,” and the bottom “Collected George Gibbs. 
ence will made this Cretaceous specimen below page 199, 
and Tertiary collection similarly labelled the United 
States National Museum. 

Oddly enough, the word “occidentale” written Newberry 
ink has been crossed out pencil and word has 
been written above. 
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leadership Lieutenant Williamson, survey 
the best route for railroad from the Sacramento Valley 
the Columbia River. Two years later explored 
the valley and adjacent plateau the Colorado 
geologist the Ives expedition. 1859 returned 
the West naturalist expedition which covered 
southwestern Colorado and adjacent states. During 
all this time and later, was touch with pioneer 
geologists and paleontologists such Hayden 
and Thomas Condon, and received from them 
the early collections from the Cretaceous and Tertiary 
the western United States. 

The paleobotanical discussions Newberry’s explor- 
ing trips the western United States appear never 
have been adequately published. the Geological Re- 
port the Williamson Expedition, Newberry men- 
tioned the occurrence plant fossils the coal deposits 
Bellingham Bay, Washington Territory, and sug- 
gested that Taxus Taxodium ‘ound shale there 
resembled plants from the lignite beds the Upper 
visited this region himself, and appears probable 
that the plants mentioned were sent 
Lieutenant Trowbridge, U.S.A., while engaged 
lighthouse construction. Appendix No. this 
report, the catalogue specimens collected, numbers 
are listed fossil plants from Bellingham Bay, 
T.; the whereabouts these specimens unknown. 
His mention fossil pectens and oysters San Pablo 
Bay general interest, for thousands students have 
visited this locality, now known Pecten Point, during 
the past half century field trips paleontology from 
the nearby University California. 

Newberry’s first important contribution the paleo- 
botany western North America was written the 
close the expedition into the San Juan country 
1859; was transmitted letter Dana from 
Santa Fe, and was published the American Journal 
Science (1860: 208). Part comprises sum- 
mary then current information regarding extinct floras 
North America, beginning with the Devonian; dis- 
cussion Cretaceous and Tertiary floras brief, but 
still authoritative. His remarks physical geog- 
raphy our continent geological show his 
broad understanding floristics, and end with the fol- 
lowing sentence whose accuracy upheld subsequent 
work Tertiary paleobotany 


The facts which have enumerated seem indicate that 
over this ancient land the isothermal lines were curved much 
now, and that during the Tertiary ages there was, per- 
haps, great difference between the climate the 
Pacific and Atlantic water sheds exists present. 


Much this letter devoted convincing, though not 
wholly restrained, argument regarding the Cretaceous 
age the flora the Dakota sandstone, considered 
Heer and Lesquereux Miocene. The tendency 
these men judge American floras the light 
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their European experience shown not only the case 
the Dakota sandstone, but their interpretation 
newly discovered fossils from the Pacific Northwest. 


Disagreement with Lesquereux and Heer 


Lesquereux had written short paper (1859: 359) 
describing fossil plants collected “by Dr. John Evans 
his Surveying expedition Oregon territory, Van- 
couver Island, During the same year, Heer sent 
letter Lesquereux commenting the significance 
these plants; part this letter was included com- 
munication the American Journal Science from 
Lesquereux 85), and here quoted 


have hailed with the greatest delight the news which you 
give your letter March. are the first 
rays light penetrating the dark night which until now 
has covered the tertiary flora America, and the day 
close hand, when the fog which still darkens the wonder- 
ful flora those times will uplifted, and the New World 
open its treasures. They will prove the greatest 
interest for the natural philosophy the earth, and give 
most important information the relation climate 
the Tertiary epoch, and the secular progression 
distribution temperature over the whole earth. But 
also the greatest importance for the history the 
American flora, discover through the plants the ter- 
tiary the various elements which the time 
will surely come when shall acquainted with the true 
characters the different floras and with the history 
their formation. 

You very correctly remark that the examination the 
tertiary flora Oregon and Vancouver shows that the flora 
nearly related the European flora the same epoch. 
Among your species, find some which are considered 
particularly characteristic our 


Then follows discussion several species angio- 
sperms, sketches which Lesquereux had sent Heer. 
continues: 


From these few species, can already see near rela- 
tion between the American tertiary flora and ours; and 
several species, this relation passes true identity. 
may add your species Glyptostrobus Oeningensis, Br., and 
Taxodium dubium, Sternb. the Exploring Exped., 
during the years 1838-39-42, under the command Ch. 
Wilkes, Geol., Atlas, Pl. 21, Dana, there plate with 
figures leaves from Frazer river, and among them, the 
two above named species are easily identified. Fig. 
and may belong Caprinus Gaudini; but probably the 
margin the leaf not rightly drawn. Fig. like 
Rhamnus Rossmaesleri perhaps Smilax. ‘These plants 
therefore confirm our conclusion. 

Another important deduction may drawn from your 
plants, viz. that the American tertiary flora, there are 
some Asiatic types which longer belong the American 
continent, namely Cinnamomum and and further 
Atlantic type, the Oreodaphne. There still Oreo- 
daphne America; but the fossil species related 
foetens the Canary Islands. third conclusion taken 
also from the same plant that fan-like Palm trees were 
growing the same time the same latitude with Sequoia 
and Taxodium, and that therefore must admit 
warmer climate North America that epoch. And now 
from this fact that flora the same character occurred 
the tertiary epoch Northern Europe and North America, 
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follows that both parts the earth had like warmer 
climate. new and very important confirmation the 
Atlantis! the second that have received this month. The 
first was given the collection tertiary fossil plants 
from Iceland which found Liriodendron (leaves and 
fruit) very like tulipifera, with six species Pines, 
which one much resembles Abies alba. With this, there 
are leaves Alnus, Betula, Salix, Araucaria, Acer, Spar- 
ganium, Equisetum, etc., and truth, species which agree 
perfectly with those the tertiary flora. You will find 
the general part Flora the Tertiary, where 
give general survey the tertiary flora Europe, 
detailed account these leaves Iceland, and also some 
other parts Europe from which have received large 
collections. 


This discussion contains many suggestions interest, 
illustrating the wide experience Heer and his keen 
insight into the geographic and climatic relations the 
floras from the American But his identifica- 
tion most the leafy shoots the Dana specimen 
Taxodium example his tendency, and 
that Lesquereux, recognize the fossil collections 
from North America only the species which were known 
from the Tertiary Europe, and confuse dubium 
with opposite-needled shoots from the Tertiary Wash- 
ington Territory. 


Boston Society Natural History Paper 


Newberry was clearly without such bias when 
continued his discussion occidentale from 
the Gibbs collection, the Boston Society Natural 
History paper, above mentioned. description fol- 
lows (p. 516) 


Branchlets terete, leaves numerous, crowded, generally 

opposite, sessile, very short-petioled, one-nerved, flat, 
rounded both ends. 
The significant features this description are the op- 
posite position the needles, and their bluntness both 
ends; the needles Taxodium, elsewhere indicated, 
are spirally attached and alternate, and are narrowly 
rounded pointed the tips; the other hand, the 
needles Metasequoia are opposite and most fossil 
specimens show blunt tips. Newberry recognized the 
marked differences his Washington Territory spec- 
imen from dubium Europe his following dis- 
cussion 

This the plant figured Prof. Dana, and considered 
Prof. Heer—judging from that figure—as identical with 
dubium, species very common the Tertiary Europe. 
Future investigations may confirm this identification, but 
the specimens before exhibit well-marked and constant 
differences from those the European that 


must conclude them distinct, least till such time common 
characters may discovered which shall unite them. 


stated further: 


dubium the leaves are fewer, more obliquely set 


the deciduous branchlets, are short-petioled, and acute 


shoots which now consider represent dubium 
appear have been assigned oeningensis Heer. 
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both ends. Even var. “foliis apice obtusiusculis,” there 
very marked departure from the normal form, while 
the numerous specimens collected the Pacific Coast 
Mr. Gibbs and Prof. Dana—all which are before me— 
the leaves are mostly closely set, given off from the branch- 
let large 90,—are opposite, sessile, 
very short-petioled, and are rounded both ends, sometimes 
even emarginate the summit. 

The specimens brought from the Yellow Stone, Dr. 
Hayden, though generally much larger and stronger, ex- 
hibit the same general character. 

both collections are slabs literally covered with branch- 
lets which seem have fallen simultaneously, precisely 
the terminal branchlets our deciduous cypress are thrown 
down together autumnal frost. 


apparent that Newberry was able distinguish his 


material from dubium the basis the opposite 
attachment the needles, and their blunt 
could only have followed his trend thought, and sepa- 
rated his specimens generically from Taxodium and Se- 
quoia, might have had, nearly eighty years earlier 
than came about, the recognition the genus now 
know Metasequoia. reason given, later 
mention Taxodium foliage from Washington (1898: 
22) for the change name the Birch Bay specimens 
from occidentale distichum miocenum. 
seems probable that this change was made Hollick, 
means distinguishing the Washington material 
from that Montana; both represent the same foliage, 
which refer occidentalis. 

second species Taxodium, cuneatum from the 
Upper Cretaceous sandstone Nanaimo, British Co- 
lumbia, also described Newberry this early 
paper later was transferred his manu- 
script Sequoia cuneata, and appears his Later 
Extinct Floras where was figured for the 
first time (pl. 14, figs. separated from 
occidentale both the basis its greater age, and be- 
cause the “spatulate cuneate form the leaves.” 
With this separation complete agreement. His 
figures show the needles attached opposite pairs, and 
the specimens the United States National Museum, 
Nos. 6935, 6936, and others not numbered, confirm both 
the opposite position the needles and their distinctive 
shape. Specimens labelled Taxodium cuneatum the 
New York Botanical Garden, numbered 1286 and 45, 
with the locality Nanaimo, likewise have oppo- 
site needles both specimens, particularly no. 45, their 
shape obovate (see pl. 11, therefore re- 
ferring this Upper Cretaceous species the new combi- 
nation, Metasequoia cuneata. Under several names 
has been widely recorded beds pre-Tertiary age 
western North America, will mentioned below. 

Three years prior the publication his first volume 
Flora Fossilis Arctica 1868, Heer wrote short 


that no. 1286 part the George Gibbs collection, original 
number 89b; no. has the same lithology, bears 
yellow paper label handwriting, and may pre- 
sumed Gibb’s specimen also. 
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paper fossil plants from the Pacific Northwest 
(1865: 3rd paper). considered the age the 


the basin the upper Missouri River. April 
22, 1867, the year preceding the publication Heer’s 


sandstones and lignites from Vancouver Island (includ- 
ing Nanaimo), and Washington Territory 
the same, and referred all the fossil plants from these 
localities the Miocene. first cited the material 
collected Dana the Wilkes listing 
Taxodium dubium, Glyptostrobus europeaeus, Sassa- 
parille sp., Smilax orbicularis, Carpinus sp., and Rham- 
nus sp. Next mentioned the Evans collection de- 
scribed Lesquereux (referring the journal 
Silliman’s American Journal), and his own letter com- 
menting Lesquereux’s conclusions, which have 
already made discussed small 
collection made Dr. Wood Nanaimo, and 
additional material from Burrard Inlet, British Co- 
lumbia, regarding which reached the following 
conclusions 


Disagreeing with Newberry, who had referred similar 
material from this locality cuneatum, 
indicated that figures 1-6 show leaves Sequoia not 
distinguishable from langsdorfii; also 
Glyptostrobus, Planera and Cinnamomum. 

Species Sequoia, Taxodium, walnut and Andromeda 
resemble those now living North America. 

Salisburia and Glyptostrobus survive eastern Asia but 

longer live North America. 

There the same mixture plants the Miocene 
America Europe. 

The northwest coast North America was warmer than 
now. 


his species, the first heading is: 


tert. Helv. 54. 


von Nanaimo. Kohlenminen. Vancouver. 


Judging from Heer’s figures, none these specimens 
are referable for they show opposite 
needles. There little question that they represent 
what Newberry had assigned and what 
now refer cuneata, above indicated. New- 
berry showed sound judgment regarding the age the 
plant-bearing beds Vancouver Island; whereas Heer 
considered them Tertiary age, like those the adja- 
cent mainland, Newberry recognized, largely 
basis associated invertebrates (p. 508), that they 
were Cretaceous age. 


Annals the Lyceum Natural History 
New York Paper 


During the decade when Heer was carrying his 
investigation the floras North America and other 
remote lands farther the north, Newberry was study- 
ing collections which had been made Hayden 


Heer’s final comments the identity this material are 
included footnote his Alaska paper Admitting 
that the needles are narrower the base than usual for 
langsdorfii, avers that they represent this species rather than 
Taxodium cuneatum indicated Newberry. 


first volume Fossilis Arctica, read 
paper before the Lyceum Natural History entitled 
the Later Extinct Floras North America, 
with Descriptions some New Species Fossil Plants 
from the Cretaceous and Tertiary Strata”; this paper 
was issued under date 1870, although the date its 
printing was April described without illustra- 
tions material collected largely Hayden from the 
Cretaceous Nebraska, Kansas, and Utah, and from 
the “Miocene lignite formation” the Upper Missouri 

years before, Newberry had his first oppor- 
tunity study the collections Hayden and his asso- 
ciates, from the the Yellowstone River,” from 
“Fort Union, Dakotah,” and other localities the Mis- 
souri Basin. Ina letter written Professor John Tor- 
rey December 25, 1856, Newberry added the follow- 
ing postscript 

have recently received from Dr. Hayden 
collection Miocene Tertiary plants which want much 
show you. They consist perhaps species think 
nearly all new. recognize among them Platanus, 
Populus, Alnus, Betula, Thuya, Juniperus, 


this added his opinion that the angiosperms were 
extinct and that the conifers were species perhaps 
still living. 

the time his Lyceum paper was presented, the 
sequence and dating fossil floras western North 
America was fairly well established Newberry had won 
his argument with Heer and Lesquereux regarding the 
Cretaceous age the Dakota and was able 
distinguish correctly between Cretaceous and Tertiary 
vegetation. now know that the lignites “collected 
various points the Missouri River, Fort Clarke, 
Red Spring, thirteen miles above, Fort Berthold 
Crow Hills, one hundred miles below Fort Union, 
the mouth the Yellowstone, O’Fallon’s Creek 
one hundred miles above the mouth the Yellowstone, 
and the Valley that stream” are Paleocene age 
rather than Miocene, believed Newberry, largely 
the basis associated invertebrates, the 
carefully studied Mr. Meek.” From 
these lignites, now referred the Fort Union forma- 
tion, Newberry reported forty-four species plants, all 
but two which were newly described though without 
illustrations. The figuring many them was 
delayed for ten years, until the publication without New- 
berry’s approval Cretaceous and 
Tertiary Plants the Western Territories the United 
States, edited Lesquereux (1878). According 


fossils 


Several letters published the American Journal Science 
during this decade, including those above quoted, indicate the 
opinion Heer and Lesquereux that the Dakota flora was 
Tertiary age, and record Newberry’s vigorous statements that 
was Cretaceous, citing evidence then and still conclusive. 
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brief prefatory note Hayden, the figures these 
twenty-six plates “had now been engraved and printed 
for period seven years, awaiting the final report 
Dr. Newberry.” Referring their publication, 
letter Lester Ward dated March 24, 
Newberry wrote 


The “Illustrations” which you refer are safe guide. 
That work was published without knowledge consent 
and was very base thing for Dr. Hayden 
was done. was offended with because would not 
join him his crusade against the War Department, and 
because would not publish before was ready, matter that 
was furnished gratuitously since was never 
paid aecent for work. had let know that 
intended publish the plates could least have saved 
Lesquereux the trouble guessing the names. 


Newberry’s final report, using these and other illustra- 
tions, was receive posthumous publication under the 
editorship Arthur Hollick 1898. 

Four species Newberry’s original list the Ly- 
ceum paper were conifers, Glyptostrobus europacus, 
Sequoia langsdorfu?, Thuya gracilis, and 
occidentale; particular significance here his con- 
sideration Taxodium occidentale and Sequoia 
repeated the original description 
dium occidentale, omitting the significant words “gen- 
erally opposite,” and discussed criteria for distinguish- 
ing this species from the European dubium, above 
quoted. his final volume, edited Hollick, the 
missing phrase reappears the description (1898: 23), 
which are added subsequent notes from 
manuscript giving data the size specimens from 
the Fort Union. Three specimens figured plate 
this monograph represent leafy shoots which 
needles are attached opposite position. 
These have been examined the collections the 
United States National and all them are 
found represent Metasequoia. They are refigured 
our plate 10, figures together with unnum- 
specimen from the New York Botanical Garden 
the following label: 
Newb. Yellow Stone Dr. Hayden.” This label 
yellow paper Newberry’s handwriting, and has 
written the word “Taxodium” over Taxites without 
crossing out the typical long shoot Meta- 
occidentalis hearing several short shoots 
which two are paired, and whose needles are opposite 
position (pl. 10, fig. 6). reference all this 
material occidentale consistent with his 
statement, above quoted, that the Yellowstone River 
leaves are the same those originally described 
occidentale from Washington Territory. consider 
the leaves from both localities represent 
spite his awareness the distinctive 
shape and opposite attachment the needles these 


the paleobotanical library the National Museum. 
are numbered follows: 26, fig. no. 6987; 
no. 50; fig. no. 51. 
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specimens, Newberry was still confused regarding their 
relationship the living swamp cypress, Taxodium dis- 
states (1898: 23) 


the notice these leaves The Later Extinct Floras 
they were compared with those dubium Heer, 
and was stated that differed from that species having 
larger number leaves, less obliquely set the branches, 
with rounded extremities, whereas the foreign species 
the leaves are lanceolate outline and acute both ends. 
his later works Professor Heer has expressed the opinion 
that Taxodium only form distichum, now 
living our Southern States. This view has been gener- 
ally accepted fossil botanists, and the plants under con- 
sideration must compared with the deciduous cypress. 
looking over the large number specimens which 
have received from various localities find that many 
them can not distinguished from the leaves the living 
cypress. This true collections made Professor 
Dana Birch Bay, Rev. Thomas Condon Currant 
Creek, and Dr. Hayden the lignite Terti- 
aries the upper Missouri River. The specimens now 
figured, however, obtained Dr. Hayden the Yellow- 
stone and Dr. Cooper northern Montana, exhibit charac- 
ters which would seem sufficient separate them from 
the deciduous cypress, the leaves being relatively much 
broader and rounded both ends. 


One difficulty which may have adversely affected New- 
berry’s judgment the occurrence the Oregon and 
Montana floras several leafy shoots actually referable 
Taxodium dubium, association with the more abun- 
dant specimens Newberry’s occidentale. 
the material which assigned the latter species 
proving Metasequoia occidentalis. 

Newberry’s discussion Sequoia the 
Lyceum paper particular interest because his 
previous field acquaintance with the living coast red- 
wood, sempervirens, described botanical report 
the expedition which carried for 
Railroad Route from the Sacramento Valley the 
Columbia River.” The party sailed for San Francisco 
from New York May included army of- 
ficers from the Corps Topographical Engineers, Dr. 
Sterling who served physician and naturalist, and 
Newberry who acted geologist and botanist. have 
found itinerary journey other than 
that the whole party, which travelled overland the 
Columbia was somewhat unfortunate turn 
events which led this group down the valley the 
Deschutes River, where the terraine was better suited 
for railroad construction, rather than through the John 
Day Basin where the record Tertiary vegetation 
much more abundant. But within the next decade 
the first fossil collections were made the John Day 
Basin Thomas Condon, the pioneer geologist Ore- 
gon, and these soon found their way into Newberry’s 


Reference collections from Currant Creek incorrect; 
that Clarno formation locality and contains Taxodium 
(Metasequoia). Judging from their matrix, specimens the 
New York Botanical Garden bearing Condon’s labels and named 
distichum miocenum, are from Dugout Gulch, Lower John 
Day formation locality, though they are labelled Currant Creek. 
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hands, shall see. Newberry appears have 
spent several weeks the San Francisco Bay area, and 
later have sailed down the coast from the mouth 
the Columbia River his return trip; was doubtless 
these times that saw the coast 
ing the vegetation the coast mountains writes 


(1857: 11): 


Immediately north San Francisco the forest com- 
posed almost exclusively the red-wood semper- 
and limited the valleys, especially such open 
towards the coast. Going northward the trees become 
more numerous, and with the red-wood are found the sugar 
and yellow pine (P. Lambertiana and 
the vicinity Crescent City these trees combine form 
one the most magnificent forests the world—the red- 
wood and the sugar pine attaining nearly equal gigantic 
trees both species being not uncommon 
feet diameter, and 300 height. Near the line 
marked change noticed the trees which consti- 
tute the forest, which even, perhaps, more dense than 
below. the northern limit the red-wood. 


With his discussion sempervirens pages and 
58, Newberry included figure natural size 
drawing branch with leafy shoots, cone and male 
flowers the needles are shown spirally attached, and 
alternately disposed distichous branchlets. 
may sure that had mind the phyllotaxy living 
Sequoia when twelve years later, wrote follows 
regarding from the “Banks the Yellow- 
stone (1870: 34) 


The plant which has been doubtfully referred Sequoia 
would probably accepted foreign botan- 
ists identical with that species, but for the reasons given 
the remarks upon that plant, seems quite doubtful 
whether was Sequoia, and more probable that was 
Taxodium allied our deciduous cypress. 


After comparing this foliage that “the deciduous 
and discussing its resemblance the specimens 
scribed Brongniart under the name Langs- 
and figured Unger, and later more fully illus- 
trated Professor Heer (Flor. Tert. Helvet.) Se- 
Newberry continues (page 47) 


strongly inclined believe, however, that the leaves 
before were derived from tree more closely allied 
our deciduous cypress than our species Sequoia, and 
that, whatever its generic affinities may have been, its foli- 
age was deciduous. 

large number fragments shaly, argillaceous 
limestone were brought Dr. Hayden, which are filled, 
and their surfaces covered, disconnected branchlets with 
their leaves attached, and which present the appearance 
having been thrown down together precisely the decidu- 
ous branchlets our cypress are detached the frost. 

The leaf-bearing branchlets, too, are always simple, 
and though lying together great numbers, crossing 
every angle, they are wholly distinct and disconnected. 
The probability would therefore seem be, that the foliage 
the tree was deciduous, and although have yet 
fruit guide us, may infer that was not Sequoia, 
but Taxodium, closely allied to, and perhaps the pro- 
genitor distichum. 
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has been said above that the leaves Sequoia Langs- 

Heer, are very like those under consideration, but 
Prof. Heer correct considering the plants figured 
Unger Taxites identical with that figured 
him, should have additional evidence that these fos- 
sils, collected Dr. Hayden, are least specifically dif- 
ferent from the European ones; for Dr. specimens 
nowhere exhibit any very near approach those figured 
Unger, which are much broader, more closely set, appar- 
ently permanent branches, and present very different 
aspect. Prof. Heer has perhaps sufficient proof the 
identity all the forms that includes under the name 
but the light, feathery and 
foliage, indicated the impressions before us, could hardly, 
under any circumstances, have assumed the form 
given Unger’s beautiful work which 
have referred. 
Only one specimen from this locality 
appears ever have been figured, and the name 
changed (1898: 20, pl. 26, fig. 
4). This specimen missing from collections the 
United States National Museum, but appears rep- 
resent distichous shoot Glyptostrobus dakotensis 
Brown, does another specimen have recently ex- 
amined the New York Botanical Garden, also labelled 
Newberry refers (1870: 46) leaves figured the 
report the Colonel Reynolds expedition explore 
the Yellowstone and Missouri Rivers. The report 
the geology this region Hayden (1869) includes 
section Cretaceous and Tertiary plants written 
Newberry (pp. 145-174). This contains descrip- 
tions nor illustrations the fossil plants collected 
Hayden, and Newberry’s discussion, while great 
general interest, adds clues the identity the 
specimens studied. reasonable conjecture 
that many most the specimens which re- 
ferred were Metasequoia occidentalis, for 
specimens this species are abundant the Hayden 
collections the National Museum and the New York 
Botanical Garden. 

account the Eighteenth Annual Meeting 
the American Association for the Advancement Sci- 
ence, held Salem, Massachusetts August 
1869, published the American Naturalist 
446), find the following brief mention paper given 
Newberry: 


“On the Flora and Fauna the Miocene Tertiary Beds 
Oregon and Idaho.” Prof. Newberry exhibited beauti- 
ful fossil plants collected Rev. Mr. Condon 
Dallas City Oregon. These plants were from 


Heer pointed out his discussion his 
second paper northern Canada (1880: 13) that “twigs de- 
scribed (notes 46) and figured (illustrations, Taf. 11, fig. 
Newberry cannot belong our species, since broad bases 
the needles run down along the shoot and partially merge into 
one another.” this opinion was wholly correct, though 
not for the reason given. Newberry’s specimens were not as- 
signable the true langsdorfii Europe, but were the 
equivalent “S. the Arctics and the United 
States, the plant now referred occidentalis. 
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water deposits which cover large surface the Great 
Basin Nevada, Idaho and Oregon, and were special 
interest both from their geological position and botanical 
character. They were contained the sediments deposited 
series great fresh-water lakes, which once existed 
the area lying between the Rocky Mountains and Sierra 
Nevada. 

The minutes the meeting the Lyceum Natural 
History the City New York December 19, 1870 
(nineteen persons present), include the following state- 
ment (1870a: 148) 

The President, Prof. Newberry exhibited series 

beautifully preserved Fossil Leaves from the Cretaceous 
ful series Fossil-Plants from the Miocene Tertiary 
Oregon, collected Rev. Thomas Condon, remarking that 
the deposit from which they came contained twenty 
thirty species which were new, and beautifully preserved. 
few others, such Sequoia Langsdorfii connected this 
deposit with other Miocene Tertiary plant beds and deter- 
mined its age. collection was made Mr. Condon 
great trouble and risk and reflected great credit his 
scientific enthusiasm. 
Here find Newberry falling into the same error that 
was being made Heer; for these leaves were collected 
Bridge Creek, the John Day Basin, where Meta- 
sequoia occidentalis the predominant conifer and where 
1865 1866, Thomas Condon had accompanied troop 
cavalry the upper Crooked River Valley, and had 
traversed the road along Bridge Creek (McCornack, 
1928: 38). Some the leaves from this now well 
known locality found their way Newberry, who there- 
after entered into correspondence with the eminent 
preacher-scientist-pioneer Oregon. The result was 
collection leaves from this and other Oregon local- 
ities which now the New York Botanical Garden. 
Specimens from this collection were described New- 
berry’s manuscript which was expanded his Later 
Extinct Floras (1898). 


Later Extinct Floras North America 


above indicated, the publication this summary 
his studies western North America was delayed for 
many years. may suppose that other critical notes 
would have been added the text Monograph 
could have prepared the manuscript 
trations shall here review order their 
appearance this volume the fossil species Sequoia 
and Taxodium which Newberry had recognized the 
time his death. The headings include the name as- 
signed, the name consider applicable parenthesis 
other than that given Newberry, the locality noted, 
and idea the age the deposits from which the 
specimens were collected. Page and plate citations 
Monograph are also included. 


Sequoia cuneata Newberry (Metasequoia cuneata). 


18, pl. 14, figs. 


Nanaimo, B.C. Upper Cretaceous. 
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This species, originally named cuneatum, 
was distinguished Newberry from occidentale both 
its broader needles and its older horizon. Specimens 
these two species, now assigned Metasequoia, are 
most cases readily separable, although there are oc- 
casional shoots the occidentalis type Cretaceous 
deposits, and few broad-needled shoots the Tertiary. 
Both types foliage also occur the living glypto- 
stroboides, although the slender occidentalis needle 
more common. specimens figured Newberry 
have not been found. 


minate.) Whetstone Creek, Upper Cretaceous 
(Dakota). Mon. 35, pp. 19-20, pl. 14, fig. pl. 26, 
fig. 

Whether this foliage referable Sequoia, 
Lesquereux believed Glyptostrobus (1874: 52), can- 
not determined from the specimen 
expresses some doubt regarding the source the cone 
shown plate 26; resembles those Sequoia and 
Metasequoia, and appears not any way connected 
with the scaly foliage shown plate This latter 
way resembles the distichous-leafed species 
Sequoia, Taxodium, and Metasequoia with which 
are here concerned. 


Bridge Creek, Oregon. 20, pl. 47, fig. 

This cone, (U. Nat. Mus., no. 9388), refigured 
plate 12, fig. has the characteristically naked 
stem Metasequoia, but shall see that Lesquereux, 
who first described it, was not inclined consider that 
this was even distinguishing specific character, and 
separated his species from “S. the basis 
foliage differences. indicated below, unable 
and assign both occidentalis. There discus- 


Heer? 
Brown.) Yellowstone 
20, pl. 26, fig. 

This the specimen originally referred langs- 
dorfii?, and since missing the National Museum 
its status must remain somewhat uncertain. 
discussion other specimens from the banks the 
Yellowstone River indicates that some his material 
represented occidentale (M. occidentalis). the 
other hand, the decurrency the needles this spec- 
imen, shown Newberry’s figure, strongly sug- 
gestive Glyptostrobus. Many Heer’s figures 
specimens from Spitzbergen and Greenland also suggest 
that genus. 


(Glyptostrobus dakotensis 
River, Montana. Paleocene. 


spinosa Newberry. Cook Inlet, 
Alaska. 21, pl. 53, figs. 

The foliage specimen, no. 7119 the National Mu- 
seum, represents the scaly vegetation 
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dubium. cone specimen, no. 7121, slab 
with numerous foliage shoots the dubium type; 
refigured (pl. fig. 4), and considered represent 
longitudinally compressed cone dubium. Two 
other cones (nos. 7113, 7114), labelled spinosa but 
unfigured, appear have decussate cone scales and 
may represent Metasequoia; there are foliage shoots 
Metasequoia the same slab. 


Taxodium distichum miocenum 
occidentalis part.) (1) Bridge Creek, Oregon. Up- 
per Oligocene. 22, pl. 47, fig. (2) Cook Inlet, 
Alaska. 51, fig. part, pl. 52, figs. 
part. 
Washington. 


(Taxodium dubium part). Cook Inlet, Alaska. 

Newberry had both his localities and his species mixed 
this section. The leafy shoot shown figure 
plate has the unmistakable matrix Bridge Creek, 
and was possibly collected the same time the cone 
(M. occidentalis) from Bridge Creek fig- 
ured the same plate this shoot has needles opposite 
pairs, and typically occidentalis. Another more 
complete shoot from Bridge Creek (no. 7086 the Na- 
tional Museum) figured here (pl. 12, Three 
specimens have not been located, but are figured the 
same slabs with angiosperm leaves from Cook Inlet, 
Alaska, and are clearly from that area rather than Birch 
Bay, Washington. assurance that the re- 
maining Metasequoia specimen (pl. 55, fig. came 
from Birch Bay; figured the same slab with 
shoot included under occidentale the Newberry 
paper, but which looks more like have 
been unable find this specimen either Washington 
New York. The leafy shoot shown figure 
plate (no. 7118 the National Museum) came from 
the Alaska; its needles are spirally attached, 
and while not wholly typical seem prob- 
ably referable that species. 


Taxodium occidentale Newberry. oc- 
Pp. 23-24, pl. 26, figs. 1-3; pl. 55, fig. 

above indicated, the specimens shown plate 26, 
refigured here plate 10, have been studied the 
National Museum (nos. 6987, 50, 51), and all are leafy 
shoots occidentalis. Some the needles are 
larger than typical, but there basis for separating 
them specifically. The specimen shown figure (in 
part) plate appears represent Glyptostrobus. 


reviewing Newberry’s interpretation material 
which included Sequoia and Taxodium, signifi- 
cant point out that was the first paleobotanist 
describe the opposite attachment and blunt apices the 
needles specimens assigned Taxodium, and 
question their reference the European species, 
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dubium. also expressed doubt that the “light feath- 
ery and deciduous?” coniferous shoots from Montana 
were correctly interpreted the foliage Sequoia 
langsdor fii Heer, and stated his opinion that they were 
more nearly related Taxodium. High tribute due 
Newberry for his perspicacity, even though failed 
realize fully the significance these observations, and 
combine his specimens occidentale and langs- 
under new genus. 

Newberry was independent thinker, and had little 
sympathy with Lesquereux’s tendency follow Heer’s 
ideas, especially those not consistent with his own ob- 
servations North America. Commenting the cur- 
rent disagreement over the age the Dakota formation, 
wrote letter the American Journal Science 
(1868: 401) 


‘The appeal “authority” has been nearly exhausted 
this discussion, and the time has passed when personal in- 
fluence could make errors pass for truths. Prof. Heer 
man estimable character, great learning and 
world-wide reputation, and, sure, would one the 
last ask believe scientific statement simply because 
one who has given the subject any attention, that our 
edge the florae the different geological formations 
has been limited, not much the want learning and 
acuteness the cultivators fossil botany, the small 
number and imperfect preservation the fossil plants col- 
lected. could hardly otherwise, then, than that the 
whole New World material should discovered which should 
throw new light the ancient vegetation the globe. 
The idea that American can qualified make good use 
such material, another instance the arrogance 
which have before alluded, and which would un- 
manly tamely submit. 


see other indications Newberry’s writings his 
questioning the accuracy Heer’s identifications and 
age assignments, and his challenging Heer’s practice 
applying the names European species specimens 
from North America. Even down our generation, 
the legacy Heer’s and transoceanic 
misidentifications has persisted. 


LEO LESQUEREUX 


Our second pioneer American paleobotany was 
fellow countryman Heer before came the United 
States 1848, and perhaps for that reason never showed 
marked inclination disagree with him. first 
Lesquereux was largely engaged study modern 
mosses, and fossils from the Carboniferous the east- 
ern United States. Gradually became interested also 
the Cretaceous and Tertiary floras the West. 


The Pacific Northwest 


His first paper this field was published 1859, 
“On some Fossil Plants Recent Formations,” which 
are described the collections Dr. John 
his Surveying expedition Oregon territory, 
Vancouver Island, (1859: 359). conifers are 
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mentioned the material from (Vancouver 
Island) and Bellingham Bay, Washington Territory.” 
But page 362 notes: 


branch Sequoia, apparently identical with Sequoia 
sempervirens (Endl.), still living California. was 
found piece coarse sandstone Coos Bay. 
species the same genus, viz., Sequoia (Heer), 
very abundant the Miocene Europe, and near 
not the same species. 


Lesquereux correlated the deposits containing all these 
fossil plants, including those from the Cretaceous 
Nanaimo, with the Miocene Europe and commented 
the tropical character “the flora 
Oregon and Vancouver Island,” and the close resem- 
blance this flora the Miocene Switzerland. With 
these conclusions Heer was full agreement (1859: 


The Rocky Mountain Region 


The next reference fossil Sequoia the dis- 
cussion without illustration from Sage Creek, 
Montana, annual report the Territorial Survey 
(1872: 290) Lesquereux notes that the foliage like 
that but with needles smaller and more 
distantly attached, and some cases more obtusely 
tipped. the cone states: “The cone 
long, naked branches, marked with indistinct 
scars scales; its form nearly round, slightly flat- 
tened, resembling the cone langsdorfti, Arc., 
Pl. ii, Fig. but nearly twice large.” cone 
referred Heer’s Greenland flora has decussate 
scales, does Lesquereux’s specimen, but attached 
leafy shoot instead naked branches.” 
adds: “To this species referable the form which 
Heer, Alas., 23, pl. Fig. and con- 
sidered possibly variety and per- 
haps also the branches figured 
Newberry, Pl. xi, Fig. this, however, the 
the leaves decurrent, without being narrowed.” 
The Alaska specimens mentioned are typical Metase- 
quoia. reference Newberry’s figured specimen 
11, figure Illustrations Cretaceous and Tertiary 
Plants, the same specimen that was later figured 
specimen has not been found but appears represent 
Glyptostrobus dakotensis. our discussion New- 
berry’s comments above (page 202), 
the opinion has been expressed that most the Montana 
any event, all the numerous unfigured specimens 
the Hayden collection the National 
Museum have been identified occidentalis. Much 
the material from Sage Creek which Lesquereux as- 
signed heerii also has the foliage and cone char- 
acters occidentalis, will demonstrated below. 
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Lesquereux continues his discussion these specimens 


There still great deal uncertainty about the rela- 

tion the fragments coniferous species, published from 
our Tertiary strata the authors quoted above. The re- 
marks Dr. Newberry, concerning the deciduous appear- 
ance leaves and branchlets his species are, part, 
applicable our fragments from Sage Creek; but the 
form which has observed from Yellowstone, (Notes 
the Later Extinct Floras, &c., pp. 48,) the leaves are 
much longer, decurrent, without narrowing the base, 
the living species Sequoia. If, therefore, this form 
his species true Sequoia. Our leaves, narrowed base, 
though evidently slightly decurrent, have the same character, 
and are besides associated with cones Sequoia; but they 
are sometimes abruptly pointed and short, like the leaves 
what Heer names microphyllus, Alas., 24, 
Pl. Fig. 9,) narrower, longer, ensiform, distant, nearly 
Taxodium tinajorum, Heer, Fig. loc. All 
the specimens, representing our species, described above, 
are mere small branchlets annual growth; but all are 
bearing leaves, like the branches figured and described from 
Yellowstone, proof that the leaves were not deciduous, 
Taxodium. think, therefore, that this character 
decurrent leaves rightly considered generic, and dis- 
tinctly separates the fragments Sequoia; but that the 
form, length, &c., the leaves are, yet, unreliable for 
distinction. 
this statement, Lesquereux appears have confused 
deciduous shoots, discussed Newberry, with de- 
ciduous needles. His remarks the generic signi- 
ficance Sequoia leaves “decurrent without narrowing 
the base” are also somewhat confused. Judging from 
Heer’s figures the Alaska specimens mentioned 
represents Metasequoia, while tinajorum ap- 
pears Taxodium dubium. 

1872 Lesquereux spent two months 
first, the plant-bearing Cretaceous strata the Dakota 
Group, the Valley the Saline River and the 
Smoky Hill Fork the Kansas; then the Lignitic 
formation the Rocky Mountains, from Trinidad 
Cheyenne, and along the Union Pacific 
mentions fossil conifers his re- 
port that year, but the lists plant fossils from 
other localities which follow, described Sequoia an- 
gustifolia from Elko Station, Nevada (p. 372), noting 
its resemblance Taxodium dubium. specimens 
were not figured until 1878 (pl. figs. 8-10), and 
indicated our later discussion this volume, these 
and other leafy shoots angustifolia are now assigned 
Taxodium dubium. Ina following paper considering 
the age the Lignitic formation (1876: 298) Les- 
quereux described three species Sequoia, brevifolia, 
longifolia, and biformis, the latter two which 
were new, from Hayden’s collection Point Rocks, 
Wyoming. These were described and discussed the 
next year (1876a: 365) with change his opinion 
that the Point Rocks flora Tertiary age, though 
now know Cretaceous age. Among new 


be 
4 
By 
5 
a 
of 
A 
4 
| 
) 
| 
ay 


206 


species described from other western localities this 
paper are affinis from Middle Park (Florissant), 
Colorado, and acuminata from Black Butte, Wyoming 


(p. 384). 
Volume Six, The Cretaceous Flora 


his first contribution the Geological and Ge- 
ographical Survey the Territories (1874: 50-52), 
described and figured from the Cretaceous 
the Dakota group two species Sequoia cones 
which applied the names formosa and reichen- 
bachi. The cone formosa (no. 594) shows little 
resemblance Sequoia, and the specimen reichen- 
bachi 591) may not even represent cone, judging 
from examination the types the National Mu- 
seum. his third volume, Cretaceous and Tertiary 
(1883: 32), two additional Cretaceous species 
Sequoia are described from the Dakota 
Group specimens which condita 
based have been studied the National Museum 
(nos. 593, 596, they represent foliage the 
type with spirally attached needles, and 
cones with spiral scales they cannot certainly referred 
reichenbachi the basis the material now 
hand. Several other cones (nos. 2866, 8061) also ap- 
pear represent condita. The specimens fas- 
tigiata? have not been found, but from the description 
they appear also the reichenbachi type. None 
this foliage distichous, and therefore need not 
considered our discussion Metasequoia. 

Volume Seven, The Tertiary Flora 

With the publication The Tertiary Flora 1878, 
illustrations were added many the above mentioned 
species, whose individual status may now consider. 
The headings include the name assigned, the name 
consider applicable parenthesis other than that 
given Lesquereux, the locality noted, and idea 
the age the deposits from which the specimens were 
collected. The page and plate citations Volume 
are also included. 


distichum miocenicum (miocenum) Heer. (T. 
dubium.) Station, Utah (this Elko, Nevada). 
Middle Tertiary. 73, pl. fig. 
dentalis?) figs. 12, 13. 

This species, originally described and figured 
Heer from the Baltic Miocene (1869: 18, pl. pl. 
figs. 7), does not appear distinct from Heer’s Swiss 
species, dubium (1855: 49, pl. figs. 5-15). 
any event the only specimen Elko 
material, no. 36883 (57a), which has been found the 
National Museum, clearly dubium, shown his 
plate figure 14; this the name originally assigned 
Lesquereux The specimens figured 
and are missing, but appear represent foliage 
with opposite needles; that event they would ref- 
erable occidentalis, species now known 
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more abundant than dubium Elko. 
mentions that the American specimens have more obtuse 
needles than those from the Baltic, and was doubtless 
referring those which should recognize 
occidentalis. 


affinis Lesquereux. Castello’s Ranch (Florissant, 
75, pl. 65, figs. dubium.) 
Station (Nevada). figs. 3-5. 

This species, currently studied MacGinitie from 
Oligocene deposits Florissant, and figured here 
plate figure plate figure commonly has more 
spreading needles than the specimens figured Les- 
quereux. ‘This distichous type foliage not readily 
distinguishable from Europe, from 
the living sempervirens. Other specimens show 
scaly foliage type not often illustrated for the Euro- 
pean fossil species (see plate 12, figure 3). 

The three small specimens from Elko, recognized 
and figured Lesquereux, are not distinguishable from 
the terminal shoots dubium. large collections 
made this locality subsequent years, foliage 
affinis has been found. 


(Probably 
Upper Cretaceous. 


Brongniart. 
Black Buttes, Haley coal mines. 
Also Florissant. 76. 

Since the specimens which these records are based 
were not figured, not possible determine their 
affinities. However there are numerous specimens 
brevifolia from the Mesaverde formation Black 
Buttes (Point Rocks), mentioned below, and 
seems highly probable that the material here assigned 
Lesquereux compares his Black Buttes material with 
specimens from the “Yellowstone and from 
Nanaimo; since these are predominantly cuneata 
seems probable that was dealing with that species. 
langsdorfii not recognized MacGinitie his 
study large collections from Florissant. 


Middle Tertiary. 77, pl. figs. 

Leafy shoots angustifolia from the Elko flora 
Nevada, the Mascall the John Day Basin Oregon, 
the Similkameen British Columbia, and from other 
Tertiary floras western North America, are now con- 
sidered represent Taxodium (Knowlton, 
1926: 27). There appears basis for their 
separation from dubium figured Heer from the 
Miocene Switzerland (1855: 49), and the Eocene 
Greenland (1868: 89). specimens from 
Elko have not been found, but the illustrations show 
foliage indistinguishable from dubium. From the 


same locality, Lesquereux described and figured leaty 
shoot Taxodium distichum miocenum 
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heerti Lesquereux Sage Creek, Mon- 
tana. Oligocene. 77, pl. fig. occiden- 
talis.) fig. 13. 

Although affinis now known occur Sage 
(Medicine Lodge) Creek, the specimens Lesquereux 
figured seem all represent occidentalis. 
Certainly this true for the cone (no. 60, his figure 13), 
which have refigured and which will discussed 
below. The foliage specimen shown his figure 
has not been found the National Museum, but the 
illustration shows shoot with opposite needles, and 
doubtless represents occidentalis also. third spe- 
cimen (no. 59, his figure 11) represents one very 
few foliage specimens which have examined which 
there can any doubt generic reference; the 
somewhat scaly aspect the needles suggestive 
affinis; but the attachment the needles while 
many cases obscure, appears opposite; this speci- 
men, here refigured (pl. 12, fig. 6), doubtfully as- 
signed occidentalis. The cone, shown our 
plate figure somewhat distorted but seems typi- 
cal, with twelve scales attached descussately. dis- 
cussing it, Lesquereux indicated his opinion that the 
absence “scales leaflets upon the pedicel may 
considered resulting from maceration.” sepa- 
rated from “S. the form, the 
size the leaves, and their distant, irregular position 
upon the slender branches. Actually these leafy shoots 
fall well within the range variation 
from Alaska, with which compared it; the latter, 
elsewhere indicated, invariably turns out 
occidentalis. 

Subsequent collections Brown and others from the 
Sage Creek, now called Medicine Lodge Creek, locality 
show the occurrence foliage and cones both 
occidentalis and they are also known occur 
Muddy Creek and other localities the Armstead 
region (see pl. 12, figs. 3-7). 


brevifolia (M. Point Rocks, 
Wyo. Upper 78, pl. 61, figs. 25-27. 

Lesquereux’s description and figures show the shoots 
opposite branches, the needles opposite shoots, 
and the needles obtuse pointed apices. 
tion specimens No. 79, representing figure (see our 
pl. 11, fig. 2), and no. 81, representing figure 27, the 
National Museum shows that most all the apices 
are obtuse; such shoots are typical for the foliage 
Metasequoia. Specimen no. 80, representing figure 25, 
branch with opposite shoots, unfortunately missing 
but there are other specimens this collection which 
show this mode attachment. The name brevifolia 
Was originally applied shoots from the Baltic Miocene 
which consider there represent the 
material from Greenland and Spitzbergen which was 
quereux compared his specimens from Point Rocks 
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(the locality given the National Museum Black 
Buttes, Wyoming) with the arctic Tertiary “S. langs- 
(our occidentalis), whereas their needles have 
the shape specimens cuneata which Newberry 
originally described from Nanaimo cu- 
neatum, and later changed Sequoia cuneata. Com- 
parison these Wyoming specimens with Newberry’s 
material from Nanaimo indicates that they represent 
the same species, and therefore placing brevi- 
folia Lesquereux synonymy under cuneata. 
Knowlton has previously considered this problem, and 
decided that there was still some doubt about the specific 
identity Lesquereux’s specimens with 
(later cuneata, (1900: 27), now cuneata). 


longifolia Lesquereux. (Araucarites longifolia 
Greeley, Colo. Upper Cretaceous. 79, pl. figs. 
14, 14a; pl. 61, figs. 28, 29. 

These specimens have been referred Araucarites 
Dorf. (1942: 130). Knowlton has pointed out that 
Lesquereux was dealing with two forms, and has re- 
ferred the second these magnifolia (1916: 88). 
All this material shows general resemblance the 
leafy shoots Cunninghamia, and some specimens are 
even suggestive the living Abies venusta. However 
Dorf’s assignment the most satisfactory, both for the 
foliage and for numerous cone scales which are as- 
sociated with it. 


Dorf). Buttes, Wyo. Upper 

Dorf considers these fragmentary specimens rep- 
resent the same species longifolia Lesquereux, 
who also expressed some doubt their specific dis- 
tinctness. any event, Dorf has indicated that neither 
these species properly referable Sequoia. 


biformis Lesquereux (Indeterminate). Point 
Rocks, Wyo. Upper Cretaceous. Pp. 80-81, pl. 62, 
figs. 

Like the preceding, these specimens figured not 
appear represent Sequoia, though several them 
show slight resemblance reichenbachi. seems 
desirable place this species under Incertae sedis 
until there some basis for giving sound generic 
assignment. 


Summarizing Lesquereux’s treatment these genera 
least part correctly referred Taxodium, but 
another species, Other specimens, figured 
but not seen, appear represent occidentalis. 
angustifolia and affinis from Elko are also assign- 
able although his affinis from Floris- 
sant true Sequoia. least one the specimens 
heerii from Sage Creek also referable af- 
from Black Buttes seems referable 
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cuneata, though have illustrations speci- 
mens confirm this determination. The same refer- 
ence made for the Point Rocks material Lesquereux 
represented foliage and cones which have the charac- 
ters occidentalis. Two Sequoia species, acu- 
minata and longifolia, seem referable Araucarites 
quereux made advance toward clarifying the status 
Taxodium and Sequoia. fact, assigning 
pean names many his specimens, added fur- 
ther the confusion resulting from earlier errors 
Heer Europe and the Arctics, and Newberry 
western North America. 

not surprising that Lesquereux included his 
Tertiary volume many plants from the “Lignitic forma- 
tions” Wyoming which are now known 
Upper Cretaceous age. Stratigraphic relations are 
complex the Rocky Mountains that has only been 
within the past decade that Dorf 232) and Brown 
(1943: 83) have adequately defined the paleobotanical 
houndary between the Upper Cretaceous and the Ter- 
tiary this region. Admitting that this Tertiary age 
determination the Lignitic was disagreement with 
the evidence vertebrate fossils studied Cope and 
invertebrates studied Meek, and “that fossil Cre- 
taceous fauna has left traces its presence the 
very base the Lower Lignitic Lesquereux 
asked the question “Is the flora decide the relation 
age the formation the Saurian bones Black 
with few shells brackish water, either found 
there which may found hereafter the same 
circumstances (p. 354). Quite naturally answered 
this question accepting the evidence “plants whose 
characters have been considered until now Europe 
representing Tertiary And concluded: 
“For the determination the epochs the land forma- 
tion, may call epochs arbitrary divisions time 
established for convenience geologists, have 
consider the documents relating their history, and 
these are mostly the fossil remains their floras.” 


Volume Eight, The Cretaceous and Tertiary Floras 


This third and final volume (1883) four sections, 
the first which has been mentioned the discussion 
Cretaceous conifers. The second section, de- 
scription few species plants the Laramie Group 
which persist considering Eocene,” includes 
merely listing five species Sequoia which had been 
mentioned volume The same may said for the 
third section volume which four species Se- 
quoia and one Taxodium are cited without comment 
members the Green River The final sec- 


his Green River Group (p. 127), Lesquereux included “the 
Wasatch, which the Green River upper member; then, 
ascending, the Bridger, the Uinta, and the White River with 
the Oregon beds.” would interesting know whether the 
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tion, headed “Miocene Flora” (p. 219), divided into 
several geographic units. Under the heading “Descrip- 
tion Miocene Species from Specimens Obtained 
the So-called Bad Lands and from locality 
described “Bad Lands near Gilmore Station the 
U.P.R.R.,” are recorded without illustration specimens 
“with flat, more obtuse and 
other specimens “apparently corresponding dis- 


distichum miocenum also reported, 
without illustration, from Bluff, Yellowstone 


occidentalis, for this species abundant the Fort 
Union. However affinis has also been noted from the 
older Tertiary the Rocky Mountain area, and too 
may have been represented Lesquereux’s material. 
Under the heading “Description Miocene Species 
California and Oregon,” listed and figured three 
species critical our 


angustifolia Lesquereux (T. dubium). Corral 
Hollow, Calif. Mio-Pliocene. 240, pl. 50, fig. 

not find the figured specimen the collection 
from this locality the Museum Paleontology, Uni- 
versity California, but there are six other specimens 
the Voy labelled H., which were col- 
lected Corral Hollow and which passed through Les- 
quereux’s hands (nos. 3513, 3514, 3515, 3516, 3517, 
3518) another specimen the National Museum (no. 
8712). Condit has collected additional material 
Loma Ranch, near Pittsburg, which has referred to- 
gether with the older specimens dubium (1938: 
251, pl. figs. 4a, nos. 1137, 1138, 1285, Univ. 
Calif. Mus. Paleont.) the shoots have needles 
spirally attached, and can readily distinguished from 
those Metasequoia. From Sequoia they differ the 
more slender shape the needles, and the parallel 
rather than oblique alignment their decurrent bases. 


John Day Valley, Oregon. Oligocene (Bridge Creek). 
240, pl. 50, figs. 2-4. 

Although the specimens figured have not been found, 
there can question that they represented Meta- 
sequoia, for needles and cone scales are oppositely at- 
tached the illustrations. 

have found several additional specimens cones 
and foliage occidentalis the Museum Pale- 
ontology the University California, which are part 
the Voy collection studied Lesquereux. The 


“Oregon beds” were the Bridge Creek shales the John Day 
Basin, but there further mention them here. majority 
the species discussed this section are from Florissant, 
Colorado, and the Elko flora considered closely related: 
these two floras are now known much younger than the 
Green River restricted the Middle Eocene. 

According Lesquereux (Mus. Comp. Zool. Bull. 
(2): iii, 1878), the large collection Mr. Voy Oak- 
land was purchased and “presented the State University 
California the liberality Mr. Mills San Francisco.” 
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foliage specimens, all with opposite needles, are des- 
ignated follows: 

shoot the same slab with the type specimens 
Ailanthus ovata Lesquereux, figured plate 51, num- 
bered The shoot was not given number 
shown plate 50, figure and may represent the 
specimen from which his drawing was made. frag- 
ment the same conifer preserved the reverse side. 

short shoot slab with two specimens Betula 
heterodonta Newberry, numbered 1778. 

Two fragmentary shoots are found the reverse side 
the specimen, no. 1757, bearing the type 
diversifolia Lesquereux (pl. 50, fig. 10), now considered 
represent Crataegus newberryi Cockerell. 

The cone specimens are two number, one numbered 
1776 and the other unnumbered. Both show portions 
naked stems, and their scales are decussately attached. 
The unnumbered specimen, now assigned number 3500, 
has fragment leafy shoot beside it. may 
readily concluded that Lesquereux was dealing with 
occidentalis when studied these specimens from 
Bridge Creek and assigned them langsdor 

During the past thirty years, have collected tens 
horizon the John Day Basin, together with few 
specimens dubium, but not single leafy shoot 
cone Sequoia has been found. 


olriki? Heer. (Indeterminate). Corral Hol- 
low, California. Vol. 240, pl. 50, 
figs. 6a. 

Lesquereux has pointed out that this specimen not 
Sequoia, nor does appear referable one the other 
genera the Taxodiaceae. If, states, the needles 
are not decurrent, cannot Taxus suggested 
Condit, nor Torreya which opinion more closely 
resembles. The attachment the needles obscurely 
shown that generic assignment this specimen must for 
the present remain doubtful. 


Later Papers 

references newly identified material, pub- 
lished United States National Museum Proceedings 
during the eighties, indicate that Lesquereux continued 
and other species these genera from Green- 
land, northern Canada, Alaska, and the western United 
States. The whereabouts many these specimens 
unknown, but several mentioned number the last 
his reports (1888: 34) have been found the Na- 
tional Museum. Two specimens 
(no. 2610) from the Van Horn’s Ranch locality the 
Mascall flora, the John Day Basin (1888: 19) are 
referable dubium, are two specimens langs- 
(no. 2607), and fifteen specimens Giyptostrobus 
ungeri Heer (no. 2480). the University Cali- 
fornia there are eleven conifer shoots the Voy Collec- 
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tion which were doubtless studied Lesquereux, and 
which Knowlton (1902: 27) has placed ungeri 
will mentioned below; the needles all these 
shoots show the typical decurrent base characters 
Taxodium, and include them under dubium (see 
213). Two specimens distichum miocenum 
(no. 2614) have needles opposite pairs, and are as- 
signed occidentalis. One slab has leafy shoots 
both dubium and occidentalis. Many specimens 
these two species have been collected the Van 
Horn’s Ranch locality during current study the 
Mascall flora with Daniel Axelrod, and other 
genera the Taxodiaceae have been recognized. 

Also discussed volume the Museum Proceed- 
ings (p. 34) the collection made Lieutenant (later 
Admiral) Peary Greenland. This collection 
the National Museum has recently been studied; 
miocenum var. (no. 2616), and 
tinajorum (no. 2617), have needles attached oppositely, 
and all are referable occidentalis. Specimens 
var. acuta (no. 2608) have spirally at- 
tached needles, and are probably referable dubium 
this species had been previously recorded from the Ter- 
tiary Greenland Heer. 

Lesquereux’s treatment Sequoia and Taxodium 
his three volumes Cretaceous and Tertiary floras 
western North America, and his shorter papers, shows 
the same confusion that characterized the work Heer. 
His writings are more extensive than Newberry’s, and 
his treatment fossil collections more conscientious 
but his approach problems systematics and floral 
age the whole less original. his eight Upper 
Cretaceous species Sequoia, condita and fas- 
tigiata? are the scaly-foliaged type seen reichen- 
bachi; two others represented cones, formosa and 
reichenbachi, and foliage species, biformis, are 
indeterminate; two species, longifolia and acu- 
minata, have since been referred Araucarites longi- 
folia; brevifolia represents the Cretaceous species 
Metasequoia now known cuneata. 

his four Tertiary species Sequoia, only affinis 
still retained that genus. angustifolia studied 
Lesquereux now considered represent du- 
bium. The abundant species, langsdorfii and 
are referred occidentalis. The only one 
which have found interpreted being actually 
member that genus, but referable dubium; all 
others which figured show the foliage characters 
occidentalis. 

almost every instance, Lesquereux followed the 
species identifications and age references Heer, ex- 
tending errors into the United States which Heer had 
carried from Europe into the Arctic. result 
these errors, the holarctic distribution 
and distichum miocenum came generally ac- 
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cepted paleobotanists everywhere, and recognition 
that these species actually represent another genus, 
Newberry had hinted, was postponed for two genera- 
tions. 


LESTER WARD (1841-1913) 

1881 the United States Geological Survey, which 
had been employing both Lesquereux and Newberry ona 
contingent basis, appointed Ward assistant geologist and 
paleobotanist. His interests were largely the older 
Mesozoic floras, and most his work outside the 
scope this study. Only one his papers need 
considered here, Synopsis the Flora the Lara- 
mie Group, which appeared his table 
distribution (p. 460) appear the names seventeen 
species Sequoia and five species Taxodium. 
these have been discussed our consideration the 
work Newberry and Lesquereux, and considerable 
number them are referable Metasequoia. Ward 
added nothing our knowledge the systematic posi- 
tion the age these conifers. 

his Survey capacity Ward was close touch both 
with Newberry and Lesquereux, and did much aid 
them later letter Lesquereux, dated 
December 23, Ward mentions sending him the 
collection from the John Day Basin; another 
dated January 1887, refers shipping large box 
containing the Greenland collection Lieutenant 
Peary. Both these collections were promptly studied 
Lesquereux, and the publication his findings, com- 
piled Knowlton, the Proceedings the 
United States National Museum provided paper which 
still valuable for reference. 


SIR WILLIAM DAWSON (1820-1899) 


early 1872 this pioneer paleobotanist Canada 
mentioned the occurrence and cu- 
the Cretaceous coal-bearing series Nanaimo 
His first discussion Tertiary plants 
the Princeton area was 1879, when noted 
distichum miocenum, and brevifolia? 
Vermilion Cliff (1879: These and other 
early contributions were without illustrations, and 
only his paper the fossil plants from the Simil- 
kameen Valley (1891: 79) that find drawing 
leafy shoot assigned distichum some 
its needles are shown opposite position, and their 
shape also confirms the reference this specimen 
occidentalis. title under this figure reads only 
“Taxodium and clear from the text that 
Dawson considered the fossil foliage essentially 
like that the modern species. 

greatest contributions paleobotany lie 
his interpretation the early land floras eastern 
Canada. can only wish that his energies and abili- 

and other letters here mentioned are the paleo- 
botanical library the National Museum. 
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ties had been directed more fully the Cretaceous and 
Tertiary British Columbia. But his interests there 
were limited, and followed his contemporaries 
the United States failing recognize the distinguish- 
ing characters Sequoia and Taxodium. 


DAVID PENHALLOW (1854-1910) 


Recent study the fossil plant collections the 
Victoria Museum Ottawa indicates that most the 
early collections from western Canada were identified 
Penhallow. Following his early studies Pleistocene 
plants Ontario, made several contributions our 
knowledge the Cretaceous and Tertiary during the 
first decade this century. The most important 
these the Report Tertiary Plants British Colum- 
bia, based largely collections made Lambe 
1906, but including also material sent others 
(1908). surprising observe that these collections 
include cones the genera with which are here 
concerned, though foliage abundant many localities. 
The most important area the vicinity Princeton, 
the valleys the Tulameen and Similkameen rivers. 
field work this region during the summer 1949 
afforded opportunity supplement the collections 
Ottawa; worthy note that along with many 
coniferous foliage shoots only four cones were collected, 
all which are referable occidentalis. rea- 
sons for cones these Tertiary deposits from 
western Canada are difficult determine. 

Penhallow’s paper largely without illustrations, and 
did not cite number the specimens which refer- 
ence made his result, the following com- 
ments must made without certainty that are deal- 
ing with the specimens which his conclusions were 
based. However the material which have studied 
Ottawa was collected from the localities which lists, 
and bears evidence that identified it. shall des- 
ignate specimen number locality, both. 


This species comparatively rare among Penhallow’s 
identifications. the United States, the majority 
specimens designated are Loc. 1551, 
Tulameen River opposite Vermilion Cliff, nos. 
7973c, Loc. 3071, Quilchena, nos. 3071, 7607, 
7607a. Others show the typical phyllotaxy oc- 
cidentalis; Loc. 1551, nos. 7973e, 7974c; Loc. 1550, 
Horsefly River, nos. 7562. 


specimen labelled, no. 5998 from Loc. 3072 
the Similkameen River, does not appear greatly 
different from the more common shoots 
cidentalis. Another unnumbered specimen from Loc. 
4058, North Fork the Similkameen River, originally 
called Taxodium, represents branch with three pairs 
opposite shoots, and typically occidentalis. 
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couttsiae Heer. 88. 
specimens labelled have been noted. 


Lesquereux. Pp. 89, fig. 32. 

The figured specimen no. 7974, from Loc. 3047 (1551 
above noted), has opposite needles and clearly Meta- 
sequoia. The shape the needles suggestive the 
Cretaceous species, cuneata (previously known 
brevifolia the Rocky Mountains). Assignment 
this specimen the Tertiary species, occidentalis, 
somewhat arbitrary, and based both upon stratigraphic 
grounds and upon the presence the collection from 
the same locality eight other typical leafy shoots 
occidentalis which have also been labelled heeri 

Another specimen, no. 3079, from Loc. 1550, Horsefly 
River also represents occidentalis. 


This the most numerous type coniferous foliage, 
and the great majority the shoots designated 
Penhallow show characters which indicate that they 
actually represent occidentalis. this category 
are the following: Loc. 1551, Tulameen River opposite 
Vermilion Cliff, nos. 7978 (39 7978b, 
Loc. 3048, mile above Princeton, right bank, nos. 
7977 (eight specimens), 7977d, 8039a, and four un- 
numbered Locs. 3069, 70, Tranquille River, 
trayful specimens; Loc. 3081, Collins Gulch, 
Tulameen River, no. 416; Loc. 3088, 480 paces west 
Tulameen bridge, Princeton, no. 8052; Loc. 4082, 
Quilchena, twenty-five unnumbered specimens. Many 
specimens Ottawa have been collected since the days 
Penhallow, and likewise represent the foliage 
occidentalis. 

There are also numerous leafy shoots, assigned 
Penhallow langsdorfii, whose spiral phyllotaxy and 
other leaf characters indicate that they represent 
dubium. include: Loc. 1551 (above nos. 
7978 (four specimens 7978c Loc. 3048 (above noted), 
nos. 7977 (three specimens), 7977a, Loc. 3073, 
Similkameen River, no. 5999; Loc. 3081 (above noted), 
three unnumbered specimens. will seen that 
several instances series specimens given the same 
number Penhallow, and all assigned langsdor 
actually represent two species which place separate 
genera. 

Specimens identified Penhallow this species, 
from Quilchena (locs. 3049, 3071), nos. 7609a, 
show all the foliage characters occidentalis. 


distichum miocenum Heer. 91. 

Penhallow mentions the wide distribution this 
species western Canada and elsewhere, and its resem- 
blance the living species. This latter resemblance 
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applies the case only few specimens referred, 
which show the foliage characters Taxodium, and 
are here assigned dubium: Loc. 1551 (above 
noted), no. 7972; Loc. 3071 (above noted), nos. 
and seven unnumbered specimens. The majority 
the foliage specimens show opposite leaves and other 
Metasequoia characters, and place them under 
Loc. 1550, Horsefly River, eleven unnum- 
bered Loc. 3071 (above noted), nos. 7605a, 
two unnumbered specimens Loc. 3078, Similka- 
meen River, many unnumbered specimens. addition 
there are two specimens from Locs. 3073, 3077 which 
are labelled merely and which represent 
occidentalis. 


Three unnumbered specimens from Quilchena, Loc. 
4082, were assigned Penhallow Newberry’s spe- 
all are properly referable occidentalis. The 
same may said for four unnumbered specimens from 
Quesnell (Loc. 3097) which were identified 
occidentale 


Summarizing Penhallow’s concept Sequoia and 
Taxodium, and revision his species those 
genera, may note: 

(1) that his six species Sequoia, not counting 
another species based wood, have foliage which in- 
dicates the reference five them occidentalis 
specimens representing the sixth species, 
have been seen Ottawa, nor have they been noted 
own collections. 

(2) that two his species Sequoia, angustifolia 
and also include specimens referable 

(3) that both his species Taxodium include 
specimens referable occidentalis, and that one 
them, distichum miocenum, also includes specimens 
referable 

(4) that several instances specimens assigned the 
same number Penhallow, and referred langs- 
are herein referred both occidentalis and 

(5) that specimens assigned the same number 
Penhallow, and referred distichum miocenum, 
are herein referred both occidentalis 

(6) that specimens from single locality (4082), 
assigned Penhallow two species, and 
occidentale, represent occidentale and that part 
his specimens langsdorfii from this locality also 
represent dubium. 


FRANK HALL KNOWLTON (1860-1926) 


Following his graduation from Middlebury College 
1884, Knowlton was appointed the staff the 
Smithsonian Institution, where first worked 
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the taxidermy shop. Shortly thereafter was trans- 
ferred the herbarium, where his duties gradually 
brought him entirely into the field fossil plants under 
the auspices the United States Geological Survey. 
One his early assignments was the study collec- 
tion Tertiary plants transmitted Townsend 
from Herendeen Bay, Alaska. his report (1894: 
213) made the following statement regarding 
langsdor 


There are considerable number specimens the 
collection from Herendeen Bay that are referred with little 
hesitation this species. They are seemingly very well 
preserved, but when examined closely found diffi- 
cult make out the manner attachment the leaves. 
They much resemble some the branchlets 
distichum miocenum with which they are abundantly asso- 
ciated, but study certain exceptionally well-preserved 
specimens found that the leaves are decurrent, which 
clearly separates them from 


Already was doubt regarding the basis for distin- 
guishing and distichum miocenum, two 
species which subsequently brought together under 
the former name (1902: 25), and which now know 
represent single species Metasequoia, occi- 
dentalis. the end this paper, Knowlton considers 
the age the Tertiary floras Alaska, and concludes 
that Eocene. 


Catalogue Cretaceous and 
Tertiary plants, 1898 


some interest note the number species 
Sequoia and Taxodium recognized Knowlton 
his first catalogue. From the Cretaceous 
twenty-five species Sequoia and five Taxodium; 
from the Tertiary listed seven species Sequoia 
and three species Taxodium. The total number 
Sequoia species was twenty-nine, and Taxodium 
species eight. Without going into detail this point, 
opinion suggested above, that two the 
‘species Sequoia and three the Taxodiums repre- 
sent two species many the remainder 
should synonymized, and some them will 


Flora Yellowstone Park, 1899 


Field work Yellowstone Park 1887 with Ward, 
and during the following year, provided the materials 
for his study the fossil floras this region. his 
discussion couttsiae (p. 681), made the fol- 
fowing comment regarding the status this and related 
conifers: “The whole subject needs thorough revision, 
with specimens hand from all localities, and until this 
can had determinations can regarded final.” 
This point view was repeated several his subse- 
quent publications, and indicates his attitude dis- 
satisfaction toward the status fossil conifers the 
Sequoia type, attitude which was well founded. 
have examined Knowlton’s material, figured and un- 
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figured, couttsiae and and refer all 


Flora the Montana Formation, 1900 


the question the Cretaceous representa- 
tive Metasequoia Knowlton’s discussion material 
from Wyoming (p. 27, pl. figs. 1-4). specimens 
figured brevifolia have been studied the Na- 
tional Museum, and two them have been refigured 
our plate 11, which figure represents specimen no. 
38539 (fig. Knowlton), and figure represents 
specimen no. 608a (fig. Knowlton). These and 
the other two specimens figured Knowlton (nos. 
38538 and 4226) all show the needles attached oppo- 
site pairs, with the broad, often obovate shape which 
characterizes cuneata. 

There was some confusion Knowlton’s mind about 
whether his brevifolia was specifically distinct from 
distinct from Newberry’s cuneata from 


wrote (p. 27): 


The specimens referred this species and figured 

Lesquereux are the United States National Museum (No. 
80). with great deal hesitation that they are per- 
mitted stand under this name, but was thought that less 
confusion would created retaining the nomenclature 
Lesquereux. Schenk the opinion that all the 
specimens referred Lesquereux brevifolia 
should properly united with and possibly 
this should done, for according the figures given 
differing merely the shorter, more wedge-shaped 
leaves. From notes left Dr. Newberry appears that 
was inclined refer this species his cuneata 
(Taxodium cuneatum) from Nanaimo, Vancouver Island. 
3ut Newberry’s species founded small fragments, 
which not clearly show the complete character, although 
does, far can made out, much resemble Les- 
quereux’s specimens. Under these circumstances ap- 
pears best keep them separate. 
have already expressed the opinion (p. 207) that 
brevifolia (of Lesquereux) from the Cretaceous the 
Rocky Mountains (not brevifolia Heer from the 
Tertiary) can usually distinguished from 
the size and shape its needles; that 
this Cretaceous species may assigned the basis 
its foliage the genus Metasequoia; and that repre- 
sents the same species the material originally de- 
scribed Newberry from Nanaimo 
later changed cuneata, and our discussion re- 
ferred cuneata. 


Flora the John Day Basin, 1902 


This the first comprehensive treatment the abun- 
dant floras from the John Day Basin whose earlier 
study Newberry and Lesquereux has already been 
mentioned. Knowlton considered the collections 
Condon, Voy, and Bendire his report, which was 
added discussion specimens collected 1901 when 
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visited the John Day Basin company with John 
region (1901) provided the first sound basis for inter- 
preting the stratigraphy this region. The flora from 
the Bridge Creek shales now referred the Upper 
Oligocene, and the Mascall flora considered 
Middle Miocene age. The following species from these 
two floras will discussed 


heertt Lesquereux (M. occidentalis). Bridge 
Creek. 23. 

Knowlton mentions that the stemmed cone figured 
Newberry (1898: 20, pl. 47, fig. no. 9388) from 
Bridge Creek the same type that figured 
Lesquereux from Sage Creek (1878: 77, pl. fig. 13; 
These cones are here refigured (pl. 12, fig. 
pl. fig. 2). Another cone labelled the 
National Museum, unfigured (no. 9220), also has 
naked stalk and decussate scales. makes com- 
ment regarding the foliage heerit. 


angustifolia Lesquereux (T. dubium). Mascall. 
24. 

After comparing the Mascall material with specimens 
from Corral Hollow, California, and Elko, Nevada, 
Knowlton expressed his attitude uncertainty toward 
this and other species fossil conifers 


seeking for affinities for these Oregon specimens 
have compared most the figures conifers given 
Heer his Flora Fossilis Arctica and other publications, 
and forced the conclusion that there has been more 
less confusion dealing with these forms. Thus 
not able distinguish what called Heer Glyptostrobus 
europaeus from the Baltic Miocene from the Van Horn’s 
ranch specimens, and what seems the same species 
something very close called tinajorum 
Heer from the Miocene Spitzbergen. The whole sub- 
ject the Tertiary conifers, especially northern and 
arctic lands, much need revision, and pending this 
the form under discussion may referred Lesquereux’s 


Sequoia angustifolia typified from Corral Hollow, 
California. 


Three the six specimens cited Knowlton refer- 
able angustifolia have been studied the United 
States National Museum. assign them (nos. 2610, 
9029, 9030) dubium the basis the oblique 
divergence needles from shoots, the relatively slender 
shape and acute tips the needles, their square attach- 
ment the stems, and the parallel trend their decur- 
rent bases. One these specimens (no. 9029) re- 
figured our plate 11, figure collections 
Mascall localities during the past twenty-nine years 
have yielded over three thousand leafy shoots which are 
dubium, and numerous male aments 
which are also assigned that species. Specimens 
which Knowlton identified male aments Taxodium 
(pl. fig. Nat. Mus., no. 8551, and pl. fig. 


Unless otherwise indicated, specimens cited are the collec- 
tions the United States National Museum. 


Mus. Pal., no. 889) are here referred du- 
bium. The specimen which Knowlton figured Se- 
quoia angustifolia? from the Payette flora Idaho 
(1898: 722, pl. 99, fig. nos. 6021 and counterpart 
no. 8289) shows the foliage characters Taxodium 
and referable are four other un- 
figured specimens from this locality the United States 
National Museum (nos. 8315, 7626, 7634, 8436), and 
several specimens the Museum Paleontology the 


University California, collected the writer (nos. 
3519, 3520, 3521, 3522). 


langsdorfu (Brongniart) Heer (M. occidentalis), 
Bridge Creek. occidentalis and dubium), Mas- 

this occasion Knowlton had sufficient acumen 
conclude that Newberry’s specimen distichum mi- 
ocenum from Bridge Creek (1898: 22, pl. 47, fig. no. 
was not specifically distinct from foliage 
the same flora (nos. 9236, 9281, 
9285, 9303, 9314, 9330, 9376). Comparison the 
Newberry specimen with these and other specimens 
labelled the National Museum indicates 
that Knowlton was correct. This was important 
step resolving confusion which had long been 
aware, and can only wish that had gone farther 
his revision; for all these specimens show the typical 
foliage characters occidentalis. Oddly enough 
did not synonymize with the Mascall 
specimens distichum miocenum which are also 
referable occidentalis, mentioned below. 

One the Mascall specimens identified Knowlton 
(no. 8960) also has the foliage charac- 
ters occidentalis. The other three (nos. 2607, 
8958, 8959) have spiral and are typical 
shoots dubium. 


Sequoia sp. Cone (M. occidentalis). 
26, pl. fig. 

This cone (no. 8510) has naked stem and the scale 
attachment decussate. have collected number 
similar specimens Mascall localities the John Day 
Basin, all which, like Knowlton’s specimens, are 
typical pistillate cones occidentalis. 


Glyptostrobus ungeri Heer (T. dubium). Mascall. 
26. 

Fifteen specimens (no. 2480), assigned Lesque- 
reux this species (1888: 19) but not figured, are re- 
tained under that name Knowlton. They show 
characters which they may distinguished from 
dubium. also the case for the University 
California specimens cited Knowlton under ungeri 
(nos. 863, 872, 873, 874, 875, 877, 879, 880, 881, 882), 


designation refers this specimen the Birch 
Bay, Washington locality, but the National Museum cor- 
rectly bears Bridge Creek label; its matrix typical for that 
locality. 
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all which represent typical foliage shoots du- 
bium. Knowlton synonymized Lesquereux’s specimen 
nordenskioldi (1888: 19; no. 2610 part) with 


distichum miocenum Heer (M. occidentalis). 
27. 

spite the fact that synonymized the Bridge 
Creek specimen distichum miocenum with 
above indicated, Knowlton referred his 
Mascall specimens (no. 2614, Nat. Mus., no. 878a, 
Univ. Calif. Mus. Paleont.) that defunct 
represent typical foliage occidentalis (see pl. 11, 
figs. 

clear from Knowlton’s interpretations the 
John Day conifers that was still confusing Sequoia, 
Taxodium and other genera, and that failed recog- 
nize significant the foliage and cone characters 
which now distinguish many them Metasequoia. 


Vermejo Flora, 1917 


Conifers are not common the Upper Cretaceous 
the southern Rocky Mountain area covered this re- 
port. addition the widely distributed reichen- 
bachi, Knowlton established new species, obovata 
(pl. 30, fig. 7), whose foliage characterized rela- 
tively broad, short needles which are obtusely pointed 
and tend obovate. Knowlton expressed doubt 
that his material represented the same species Heer’s 
brevifolia from Europe, and indicated the need for 
new name include specimens from the northern Rock- 
ies assigned that species Lesquereux (1878: 78) 
and himself states: “Sequoia obovata 
very closely related, indeed possibly identical, with 
cuneata Newberry from the Upper Cretaceous 
Nanaimo, Vancouver Island.” But does not men- 
tion that the needles both his specimens and New- 
berry’s have opposite phyllotaxy, character which 
places them the genus Metasequoia. Comparison 
with numerous specimens cuneata from Van- 
couver Island (see pl. 11, fig. and from the Rocky 
Mountain area (see pl. 11, fig. 2-6) has convinced 
that there basis for assigning the Vermejo speci- 
men separate specific status. therefore plac- 
ing under the new combination, cuneata. 


Catalogue Mesozoic and Cenozoic plants; 1919 


Knowlton’s second catalogue listed one species Se- 
quoia from the Jurassic and twenty-five species from the 
single species Taxodium listed from 
deposits this age. There are twelve species Se- 
quoia from the Tertiary, and five species Taxodium. 
The total number Sequoia species was thirty-seven, 
and Taxodium six. This represents increase 
Sequoia species eight since the first catalogue, and 
reduction Taxodium species two. 
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Flora the Latah formation, 1926 


This Middle Miocene flora from eastern Washington 
and adjacent Idaho gave Knowlton much enjoyed 
opportunity carry field work the West; the 
writer will always glad recall the pleasure with 
which his own initial collection, made Spokane 
1920, was received when turned over his kindly 
friend and teacher few years later. Knowlton brought 
this study changed point view toward the follow- 
ing Tertiary 


26, pl. figs. 3-6. 

All the specimens assigned this species (nos. 
36879, 36880, 36881, 36882) have been studied the 
National Museum, and all them show the foliage 
characters Taxodium. structure one these 
shoots (no. 36881, Nat. Mus.), interpreted 
Knowlton male ament Sequoia and basis for 
definitely establishing the presence that genus the 
Spokane flora (p. 26, pl. fig. 5), appears gall 
the Cecidomya type. This suggestion has been made 
Brown, who has collected similar, though 
somewhat larger, globular galls foliage dis- 
tichum Bolivar, Texas. Another foliage shoot 
dubium from the Latah (no. 9068, Nat. Mus.) 
also bears terminal enlargement which even more 
closely resembles the galls collected find 
basis for distinguishing any these specimens 
the foliage shoots from dubium. 
Knowlton himself recognized this relationship the 
case one specimen (fig. 4), which states quite 
similar angustifolia, species now synonymized 
with dubium. 


dubium (Sternberg) Heer. 27, pl. figs. 
pl. 10, figs. 

The foliage specimens figured (nos. 36876, 36877, 
36878, 36886, 36888) are correctly assigned 
genus and species, are many others the Latah col- 
lection the National Museum. Knowlton confuses the 
issue placing synonymy under dubium the spe- 
cimens assigned Newberry miocenum 
(1898: 22); with one exception these show opposite 
phyllotaxy and represent occidentalis. 
rectly points out that the Latah shoots resemble 
figures tinajorum (1869: 22); have indicated 
above the opinion that this latter species, represented 
Heer’s material from Alaska, identical with 
dubium. Referring angustifolia figured 
Lesquereux from Elko (1878: 77), Knowlton indicates 
his opinion that they represent and figures 
additional Elko specimen (pl. fig. Nat. 
Mus. No. 36883) the Elko material 


figured Lesquereux angustifolia fact refer- 
able dubium, have stated discussion his 
Tertiary Flora; but the specimen selected Knowlton 


RG 
| 
& 
Pe 
“3 
“f “+ 
pis ke 
) 
\ 
3 
~ 
Se 
i”. 
SW 
, 
BY 
We 
4 


VOL. 40, PT. 1950] HISTORY 


demonstrate his point (here refigured, pl. 11, fig. 
shows opposite leaf attachment and clearly short 
shoot occidentalis. The male aments figured 
Knowlton “Taxodium, male (pl. 10, fig. 
are correctly assignable since the cones 
are spirally attached. 

this discussion dubium, Knowlton repeats 
what and others have stated several occasions 
regarding the foliage Taxodium: “The leaves are not 
decurrent, though there line running down the 
branchlets for short difficult under- 
stand how anyone who has examined the foliage this 
genus, either living fossil, could have failed see that 
the needles are decurrent. However the decurrent 
bases are more slender than the case Sequoia and 
Metasequoia, and their parallel trend along the shoot 
also makes them less conspicuous than those the other 
two genera, whose bases are oblique. His description 
the shape the apex “obtusely pointed” some- 
what misleading, for his specimens show apices more 
slender than those most Tertiary species Sequoia, 
and much more slender than those Metasequoia. 
The distinct midrib which mentions might distinguish 
fossil needles Taxodium from those many speci- 
mens Sequoia which have thicker texture, but they 
are more conspicuous than those Metasequoia. 

pointing out that Bridge Creek specimen 
miocenum was indistinguishable from foliage 
Knowlton added his increment 
our understanding the latter species. likewise 
was aware that some the material assigned 
recognized many the inconsistencies the treatment 
Tertiary conifers, but never saw, least never 
formulated, the criteria which Taxodium and Se- 
quoia might distinguished. And his failure 
note the opposite phyllotaxy many specimens which 
now know represent Metasequoia, shared the 
obtuseness paleobotanists before and since his day. 


EDWARD WILBER BERRY 


Most the investigations this great contributor 
American paleobotany were carried the southeast- 
ern United States and South America. However his 
geographic interests were wide-ranging were the 
subjects his papers; was only natural that fol- 
lowing Knowlton’s death should have published addi- 
tional information regarding the Latah flora. 


Revision the Latah Flora, 1929 


this and other floras from the Columbia Plateau, 
Berry continued recognize foliage langsdorfii, 
which states (p. 237) “is common form, somewhat 
variable, and liable confused with the associated 
Taxodium dubium.” his discussion 
the same page, adds: “It readily confused with 
the associated Sequoia langsdorfii unless the material 
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excellently preserved.” opinion stated above 


correct, that all the Latah specimens assigned 
Knowlton langsdorfii have the foliage characters 
dubium, may conclude either that Berry actu- 
ally had some specimens which did 
not figure, that made the same mistake 
ton confusing the two genera; none the Latah 
collections Washington elsewhere contain foliage 
which consider referable Sequoia. Judging from 
his references other papers, seems 
certain that Berry was error his recognition 
that species the Latah flora. 

This assignment two species foliage shoots which 
represent the same plant found Berry’s later papers 
describing floras from this general area (1931; 1934). 
the second these (p. 100) expressed his dis- 
satisfaction with the concept redwood association 
the Columbia Plateau developed several 
Oregon papers. mentioned, had the abundance 
here Miocene plants whose modern equivalents live 
southeastern Asia and southeastern North America, 
and stated that such combination was redwood 
association, then the term becomes name without much 
meaning.” This comment contained much more truth 
than realized, for his “redwoods” were Taxodium; 
mine were Metasequoia, the Tertiary representative 
deciduous tree which doubtiess lived, does its mod- 
ern equivalent, glyptostroboides, under climatic con- 
ditions involving summer rainfall. Such conditions are 
wholly unlike those the coast California where the 
coast redwood, sempervirens, has survived. 


Papers Western Canada 


For many years Berry wrote short papers the 
Cretaceous and Tertiary floras Alberta and British 
Columbia. one the earlier these (1926: 190), 
discussed the occurrence occidentale the 
Paskapoo formation Alberta, referring Newberry’s 
original description (1862: 516) and first illustrations 
(1898: pl. 26, figs. 1-3). Regarding the distinction 
between fossil material Taxodium and Sequoia, 
“Species Taxodium may distinguished from 
those Sequoia, which are superficially very similar, 
the leaves having constricted bases and not decurrent 
material these two genera show general agreement 
with his needle base distinction; but Berry’s comment 
that the needles Taxodium are not decurrent 
repetition error which had long persisted. Berry 
continued his discussion with query whether oc- 
cidentale from dubium, and decided that the 
two species could separated the shape their 
needles which occidentale are “rounded both 
ends and much wider.” his following consideration 
dubium (p. 191), stated: “It may readily 
differentiated from the preceding occidentale) 
its smaller, narrower and more pointed 
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agreement that these leaf-shape characters provide 
basis for distinguishing dubium from occidentale 
but Berry completely ignored the essential difference, 
plainly shown Newberry’s figures and doubtless 
his own specimens, the opposite phyllotaxy oc- 
cidentale (M. occidentalis) contrasted with the spiral 
phyllotaxy dubium. His lack awareness this 
major foliage distinction further indicated his 
placing synonymy with dubium all the leaves 
figured Newberry (1898: pl. 47, fig. pl. 51, fig. 
pl. 52, figs. pl. 55, fig. distichum mioce- 
num elsewhere indicated, one these specimens (pl. 
52, fig. correctly referable dubium, but the 
remainder have opposite needles and represent wholly 
different plant, our occidentalis. 

his paper describing Tertiary floras from British 
Columbia (1926a: 96), Berry gives only the original 
Heer reference (1855: 54) for “S. which 
states may distinguished from Taxodium “by its 
decurrent leaves which are not contracted distinct, 
short, petiole Taxodium, and does not com- 
monly occur the form deciduous twigs does 
Taxodium, but branched comments 
the circumpolar distribution “S. 
Referring occidentale from Newhykulston Creek 
(p. 97), mentions the rounded tips the needles, 
and that there evidence its decurrence 
the twig axis, and twisting which the spiral phyl- 
lotaxis modified distichous habit.” text 
figure occidentale shows foliage shoot with 
needles having the typical shape Metasequoia, but 
most them are alternately attached. This specimen 
not available for study; the phyllotaxy correctly 
drawn for all the needles, must represent ab- 
spite his mention spiral phyllotaxis, Berry was here 
dealing with opposite-needled shoot occiden- 
talis, for several the needles drawn, and part his 
description them, indicate Metasequoia rather than 
Taxodium. Commenting this specimen, the where- 
abouts which unknown, Bell has written 
follows (1950) 

However, there are our collections studied Berry 
examples from Boulder Creek, which labelled 
occidentale, and these have definitely opposite leaves. There 
reason think that the figured specimen from New- 
hykulston Creek belonged another genus than 


unfortunate that Berry provided illustrations 
Sequoia and Taxodium his account the Upper 
Cretaceous and Tertiary floras from southern Sas- 
katchewan (1935). The relevant species 


synonymy the foliage figured Newberry (1868: 
pl. 11, fig. but which have above 
indicated (p. 202) seems represent shoot Glypto- 
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strobus. Berry points out that his fossil specimens 
resemble the foliage the living sempervirens. Com- 
menting this reference nordenskidldi, Bell has 
recently made the following statement (1949: 50): 
“Specimens from the Whitemud formation Saskatch- 
ewan identified Berry Sequoia 
not belong that species, but are elsewhere this report 
described Elatocladus intermedius (Hollick).” 


dubium (Sternberg) Heer.—With this species, 
synonymized distichum miocenum. Most 
the records the latter have proved represent foliage 
with opposite needles, though above mentioned there 
are some shoots which are referable Taxodium. With 
this confusion genera mind, may suggested 
that Berry’s represents not only that species 
but also occidentalis. 


occidentale Newberry.—Berry raises the question 
whether this species distinct from dubium. 
have seen, there has been much confusion between these 
two Taxodiums, and some the shoots occidentale 
elsewhere described truly represent dubium. Judg- 
ing from Berry’s citations material figured New- 
berry occidentale (1898: 23, pl. 26, figs. 1-3, pl. 
55, fig. part), was dealing this case largely 
with the foliage occidentalis, for the needles 
Newberry’s specimens, which have examined (see 
204) all show opposite attachment and the typical shape 
Metasequoia. 


this and earlier papers, Berry mentioned characters 
which are now used identifying Metasequoia, Sequoia, 
and Taxodium. But showed consistent ability 
distinguish between the foliage Sequoia and Tax- 
odium, and seems have been wholly unaware the 
existence and significance opposite phyllotaxy spec- 
imens which handled, which now assign Meta- 
sequoia. 


OTHER LATER PALEOBOTANICAL STUDIES 


More than dozen paleobotanists, including the 
writer, have studied fossil plants from western North 
America during the past thirty years, and have assigned 
their conifer material numerous species Sequoia 
and Taxodium. Since the work this group has 
added but little the solution the problems here 
under discussion, shall for the most part mention 
only briefly their specimens and opinions. 


Walter Bell, Director, Geological Survey Canada 


Though followed earlier paleobotanists recogniz- 
ing langsdorfii from the Mackenzie Basin (1922: 
76b), Bell has recently used the generic name “Se- 
quoiites” for similar material from the Tertiary west- 
ern Alberta (1949: 47). His foliage specimens 
Sequoiites (pl. 27, figs. pl. 29, figs. 
show the typical shape and phyllotaxy occidentalis. 
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have recently had opportunity examine the foliage 
and cone specimens which second species, Sequoiites 
artus, founded (see pl. figs. pl. figs. pl. 
16, fig. pl. 18, figs. 4), from Cretaceous deposits 
the same area; these are all the Sequoia type, the 
foliage with spiral phyllotaxy. Cones referred Se- 
dakotensis (pl. figs. 1-3) have spirally at- 
tached scales and definitely represent Sequoia; since 
some these come from one the localities where 
foliage artus was collected, seems proper 
assume that both types organ represent the same 
plant species; unlikely that two species Sequoia 
were living simultaneously the same area. Foliage 
assigned Bell the form genus Elatocladus appears 
probably represent Sequoia Taxodium, rather than 
Metasequoia. 


Jennings, Director Emeritus, Carnegie Museum 


his discussion Oligocene flora from Montana, 
Jennings considered two conifers which fall within the 
limits our discussion (1920: 400). 

oblongifolia Jennings.—This species described 
having oblong leaves, the base abruptly rounded, the 
apex rounded, with strongly decurrent bases (pl. 23, 
Examination the type specimen indicates 
that typical foliage shoot Metasequoia; the 
needles are somewhat broad for occidentalis, but its 
stratigraphic occurrence indicates the greater probability 
its representing this species than the broader-leafed 
cuneata the Cretaceous. Jennings compared this 
specimen with foliage described Heer brevifolia 
from the Eocene Greenland; have already indicated 
the opinion (p. 189) that this specimen represents 
occidentalis. collections from this locality the 
United States National Museum and the University 
California, foliage occidentalis abundant, well 
typical stalked cones. 

his synonymy, Jennings considered the abundant foli- 
age this form the same that previously as- 
signed affinis. With this full agreement, 
but prefer consider this material under the name as- 
signed Lesquereux. Both distichous and spiny 
foliage represented Jennings’ figures, and 
collections the University California; addition 
similar foliage, the material the National Museum 
includes five small globular cones. 


Herbert Mason, Professor Botany, 
University California 


Another example continued acceptance “S. 
found Mason’s paper fossil conifers (1927: 153). 
After describing the leaves this species from the 
Bridge Creek flora “spirally arranged short twigs, 
decurrent and arranged two ranks,” figured (pl. 
fig. foliage specimen (no. 150, Univ. Calif. Mus. 
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Paleont.) which the needles are oppositely attached 
and which clearly shows decussate phyllotaxy. The 
cone figured (no. 144, Calif. Mus. Paleont., his pl. 
fig. which described bearing peltate scales 
“spirally arranged,” also shows the decussate attach- 
ment Metasequoia. Mason expressed some doubt 
(p. 146) his reference another specimen the 
Bridge Creek flora Taxus; this leafy shoot (no. 124, 
Univ. Calif. Mus. Paleont., pl. fig. shows the de- 
cussate arrangement Metasequoia more clearly than 
most American specimens. Both and the specimens 
occidentalis. 

various times during the past decade, Mason has 
questioned the possibility that Sequoia might have lived 
high northern latitudes, and has considered the pos- 
sibility shifting poles continental drift ex- 
planation its anomalous Tertiary distribution. Even 
the Boston symposium above mentioned, after 
first brief announcement the occurrence and signif- 
icance living and fossil Metasequoia (Chaney 1947: 
145), Mason presented paper which referred 
the “one persistent common denomin- 
ator” the temperate, northern forest the Tertiary 
207) further stated that the living redwood 
(S. sempervirens) alone the sole survivor 
its Tertiary lineage and taxonomically seems in- 
distinguishable from the fossil Sequoia 
Realization that “S. the sense Mason 
and others western North America, actually 
occidentalis, deciduous tree well suited season 
physiological inactivity, may make easier than realized 
the solution problems high latitude forest distribu- 
tion during the Tertiary period. 


Erling Dorf, Professor Geology, Princeton University 


his initial study plant fossils, Dorf referred 
foliage impressions from the Upper 
Pliocene Sonoma formation and other horizons west 
central California (1933: 73), stating that they were 
“indistinguishable from the modern coast redwood, 
Sequoia sempervirens.” The needles have the typical 
spiral phyllotaxy Sequoia, and the propriety Dorf’s 
generic identification cannot challenged (see pl. 
figs. nos. 316, 317, Univ. Calif. Mus. Paleont.). 
Viewing the current status material referred 
elsewhere North America and high 
latitudes generally, discussed preceding pages, the 
use Heer’s specific name for this American material 
seems wholly inappropriate. know basis for 
distinguishing Dorf’s and other Pliocene specimens 
“S. foliage the living species, 
sempervirens, and may eventually seem proper 
use this modern name for them. the other hand, 
there are known characters for distinguishing these 
later Tertiary fossils from the abundant foliage referred 
affinis from the Middle Tertiary. This name will 
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used for all distichous foliage and cone fossils 
Sequoia from the Tertiary western North America. 

Dorf again recognized langsdorfii beds Mio- 
Pliocene age from southwestern Idaho (1936: 108). 
Only few specimens are available for study (nos. 1162, 
1163, Univ. Calif. Mus. Paleont.), and all these have 
the foliage characters affinis. 

his study the Upper Cretaceous floras the 
Rocky Mountains region (1938: 45) Dorf referred 
several foliage shoots which one 
figured (pl. fig. 10, no. 1296, Univ. Calif. Mus. 
Paleont.). The doubt expresses regarding the valid- 
ity this determination fully justified, for the needles 
are attached opposite position and their shape typical 
for second paper includes the following 
discussion foliage and cones which assigns 
dakotensis (1942: 129, pl. figs. 4-11, nos. 
Univ. Calif. Mus. Paleont.) 


the Lance Creek localities which have yielded them, 
these cones are always associated with foliage which 
clearly the Sequoia type (pl. figs. 4-6). view 
this invariable association and the absence other conif- 
erous foliage these localities, reasonably certain 
that the cones and foliage belong the same species. 
foliage cannot distinguished from that such nominal 
“species” (Brongniart) Heer, norden- 
Heer, obovata Knowlton. These “species” 
have little meaning, either botanically geologically, be- 
cause their lack distinguishing characteristics. 
foliage characters alone they cannot separated from the 
living sempervirens When foliage remains 
are intimately associated with well-defined cones, however, 
there can natural valid grounds for referring the 
foliage and the cones two distinct “species.” 

The foliage shoots have the typical phyllotaxy 
Metasequoia, and the shape cuneata. One the 
cones (no. 2467) attached slender naked stem, 
and and least two others (nos. 2465, 2466) show 
decussate scale attachment. The cone shown figure 
plate no. 2464, shows spiral scale attachment, 
and correctly referred dakotensis. trans- 
ferring all Dorf’s foliage specimens dakotensis 
cuneata, well all his cones with the excep- 
tion specimen no. 2464. There possibility that 
this could distorted cone for shows 
five longitudinal (and spiral) series cone scales. 


Roland Brown, Geologist, United States Geological 
Survey and Honorary Curator Mesozoic 
and Cenozoic Plants, United States 
National 


One Brown’s early papers Miocene plants from 
the western United States (1935: 573) includes dis- 
cussion and figures (pl. 67, figs. la, no. 39317, 
Nat. Mus.) two seeds from Republic, 
Washington. This specific assignment based upon 
their association with foliage identified that 
leafy shoots from this locality 
the National Museum all have opposite needles and 
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are now identified seems apparent 
that the seeds should also referred that species. 
cone from Salmon, Idaho (pl. 67, fig. 10, no. 39229, 
this paper; its preservation far from complete, but 
its size and its association there with foliage which 
refer affinis indicates that referable that 
species. 

During the same year Brown described dakotensis, 
from the Upper Cretaceous North Dakota (1935a: 
447). The cones which this species based (p. 
446, figs. are variable size, and all them show 
spirally attached scales which confirm their reference 
Sequoia. Brown mentions detached foliage but does 
not figure describe it. 

reference made cone and foliage from 
Miocene deposits Tipton, Oregon, and they are as- 
signed (1937: 168, pl. 45, fig. 25). 
These specimens show spiral attachment needles and 
cone scales, and are properly referable Sequoia; our 
collections from this locality include numerous other 
specimens foliage and cones (see pl. fig. 
reasons above given, placing this material from the 
Blue Mountains under affinis rather than langs- 
species which now appears have doubtful 
status North America. 

his discussion flora from the Colgate member 
the Fox Hills sandstone (1939: 247), Brown figured 
five cones which referred dakotensis. Three 
these show clearly the spiral attachment cone-scales 
which characterizes that genus (pl. 48, figs, 6-8), and 
fourth, shown longitudinal section, may also rep- 
resent dakotensis The cone illustrated 
figure (no. 40167, Nat. Mus.) shows some 
sixteen decussately arranged cone its attachment 
stem bearing obscure leaf scars also indicates that 
this cone represents Metasequoia. Leaves which are 
assigned cuneata (formerly brevifolia) were 
collected the same locality, no. 8242, Marmarth, 
North Dakota (see pl. 11, fig. 6), and this cone may 
properly referred that species. 


Robert LaMotte, Research Associate, 
University California 


few foliage specimens from the Upper Cedarville 
formation Middle Miocene age, from northwestern 
Nevada and adjacent California, are referred La- 
Motte langsdorfii (1936: 111), together with the 
wood from several large stumps. There satisfactory 
basis for distinguishing the wood Sequoia from that 
Taxodium and Glyptostrobus. The foliage more 
scaly than that affinis, which the only Tertiary 
species Sequoia now recognized North America. 
The decurrent bases the needles appear be. much 
stouter than those Sequoia Taxodium, and this 
respect they resemble the foliage Glyptostrobus. 


. 
my 
| 
at 
RAR 
vat 
Ves 
Sind 
4 
A 
Th 
im 
of 
ate 


VOL. 40, PT. 1950] 


therefore referring these specimens oregonensis 
Brown, species common the Miocene adjacent 
areas the north. LaMotte’s specimens (nos. 830, 
3501, 3502, 3503) referred should added spec- 
imen which believed represent Taxodium Glyp- 
tostrobus, but which was provisionally designated 
Lycopodium prominens Lesquereux (p. 124, pl. fig. 
771, Univ. Calif. Mus. Paleont.). 

his Supplement Catalogue Mesozoic and 
Cenozoic Plants North America, 1919-37 (1944), 
included ten Cretaceous species Sequoia, and 
twelve Tertiary species, total twenty-two. There 
are Cretaceous species Taxodium included; Ter- 
tiary species total seven, with two additional varieties. 
Reduction the total Sequoia species from thirty- 
seven Knowlton’s catalogue 1919 twenty-two 
LaMotte’s noteworthy. 


Harry MacGinitie, Division Natural Science, 
Humboldt State College 


his study the Weaverville flora from the Oligo- 

cene northwestern California (1937: 132), Mac- 
Ginitie records abundant leafy shoots, reproductive 
parts and wood dubium. slab with foliage and 
staminate aments figured plate (no. 1081, Univ. 
Calif. Mus. Paleont.). shows understanding 
the specific limits and Tertiary range this conifer 
the following 
The same species common many the western Miocene 
floras: Elko, Nevada, the San Pablo formation north 
Mount Diablo, California, the Latah flora, and 
several floras Mascall and Latah age Washington, 
Idaho, and central and eastern Oregon. was all prob- 
ability even more common than the published lists indicate, 
since easily confused with Sequoia those cases where 
staminate aments cone scales are not present furnish 
decisive proof its nature. 


MacGinitie records without discussion cone (no. 1082, 
Univ. Calif. Mus. Paleont.) which includes under 
This cone badly distorted, and the mode 
attachment its scales difficult determine how- 
ever appears decussate. The cone borne 
the end naked stem, only three-quarters inch 
which preserved, and appears referable with- 
out question occidentalis. Confirming the pres- 
ence this species the Weaverville flora are two 
foliage shoots from the same locality the Redding 
Creek Basin, which show oppositely attached needles 
having the typical shape occidentalis (nos. 3504, 
3512, Univ. Calif. Mus. Paleont.). Many other Ter- 
tiary floras which dubium the dominant conifer 
have minority representation occidentalis, tree 
which lived higher ground adjacent the cypress 
swamps, and whose remains were less commonly carried 
such sites deposition than those well-drained 
valleys. 
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Carlton Condit, Department Geology, State 
University 


The latest discussion the conifer shoots which 
Lesquereux applied the name angustifolia many 
years ago Condit his discussion the 
San Pablo flora west central California (1938: 251). 
All the material from the Corral Hollow and Loma 
Ranch localities, both Lesquereux’s collections and 
those recent years (pl. figs. 4a, nos. 1137, 
1138, 1285, Univ. Calif. Mus. Paleont.), shows the 
characters Taxodium rather than Sequoia, includ- 
ing scales pistillate cones. Condit correctly refers 

record Sequoia from transitional beds Mio- 
Pliocene age Remington Hill, the Sierra foothills 
California (1944: 39, pl. fig. no. 2376, Univ. 
Calif. Mus. Paleont.) confirmed Florin’s study 
two needles from Condit’s specimen. letter 
October 1940, states: 


The structure the stomatal bands correspond well 
that Sequoia sempervirens and contained irregularly ar- 
ranged but mostly longitudinally orientated stomatal ap- 
paratus the same appearance those the recent species. 
The anticlinal walls the epidermal cells are straight and 
smooth just Sequoia sempervirens. The form and 
dimensions the leaves well the epidermal structure 
thus leave doubt that this material belongs the genus 
Sequoia the restricted sense. 

This record the presence Sequoia the sem- 
pervirens type Sierra foothills during Upper Tertiary 
time great accordance with our current 
nomenclatorial treatment, assign Condit’s material 


Helen Smith, formerly Department Botany, 
University Michigan 


short paper the flora Sucker Creek, Oregon 
(1939: 109), Smith figured foliage which she identified 
judging from this figure (pl. fig. 
and from her comments two other specimens, have 
little hesitation assigning this material dubium. 
There have been various records the foliage 
angustifolia from deposits Miocene age this area 
along the Idaho boundary, which some reference 
made elsewhere; all this material seems likewise 
referable dubium, the most abundant conifer the 
Columbia Plateau during the Miocene. 

The specimen figured Smith from 
flora Upper Miocene age from Thorn Creek, Idaho 
(1941: 493, pl. fig. no. 3511, Univ. Calif. Mus. 
represents shoot with distichous needles, 
and with two staminate cones; this type foliage falls 
well within the range variation affinis, which 
species consider referable. There are several other 
specimens showing this distichous type foliage well 
more typical scaly shoots. Material assigned 
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affinis Smith this same paper (493, pl. fig. 
appears represent Juniperus alvordensis Axelrod. 


Ethel Sanborn, Professor Botany Emeritus, 
Oregon State College 


The Scio flora western Oregon contains conifer 
represented foliage which Sanborn refers langs- 
(1947: 16). figure (pl. fig. no. 526, 
Ore. State Coll. Paleob. Col.) shows several leafy shoots 
with oppositely attached needles which are here reas- 
signed occidentalis. 

This perhaps the last instance, least sys- 
tematic discussion, confusing the remains Meta- 
sequoia with those Sequoia and Taxodium, per- 
petrating error first made Heer nearly century 
ago. recently 1948, semi-popular account 
the discovery Metasequoia, another highly com- 
petent botanist wrote the following caption for the fossil 
foliage one his fossil Sequoia from 
the Miocene-age clays near Spokane, Wash. This 
closely related, possibly identical to, the living Meta- 
sequoia from The specimen which figured 
Taxodium dubium. 

One botanist colleagues has recently mentioned 
reason why he, and perhaps others, have been slow 
recognize fossils the distinctive character Meta- 
sequoia foliage. family definition the Tax- 
odiaceae much used manual (Jepson 1925: 54) 
begins with this sentence: “Trees with linear awl- 
shaped alternate leaves.” contrast, the definition 
the Cupressaceae the same manual (p. 55) begins 
follows: shrubs with opposite whorled 
scale-like leaves.” Given fossil labelled “Sequoia” 
“Taxodium,” the botanist and paleobotanist have as- 
sumed without question that its needles show spiral 
phyllotaxy sometimes they are spiral, and the reference 
oftener, the Cretaceous and Tertiary floras western 
North America, the foliage shows decussate phyllotaxy, 
and the fossil can neither Sequoia nor Taxodium, 
and must assigned another genus, Metasequoia. 
Obviously the distinguishing foliar characters these 
two families, mentioned Jepson, longer apply. 
Prior the paper Miki fossil plants from the 
Pliocene Japan (1941), none have noticed the 
opposite arrangement the needles many specimens, 
challenged the errors generations past. 


Chester Arnold, Professor Botany and Curator 
Fossil Plants, University Michigan 


his textbook published 1947, Arnold states that 
the fossil foliage Sequoia often confused with that 
Taxodium. states that “is not 
essentially different from the living coast redwood, 
sempervirens” (p. 322), and illustrates this fossil species 
with slab (collected and identified me) showing five 
leafy shoots (fig. 160) all these have opposite phyl- 
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lotaxy, and represent occidentalis. Arnold correctly 
figures dubium (p. 324, fig. specimen from 
the Latah formation which shows the foliage characters 
that genus. 

Since more blame for this error than Arnold, 
may mention here that the perpetuation such mis- 
information textbooks particularly unfortunate. 
was natural for Arnold trust the opinion fellow 
paleobotanist (myself) who had for many years been 
studying these fossils; never occurred ques- 
tion the judgment Knowlton regarding “S. langs- 
student days when first came into con- 
tact with the Tertiary floras Oregon; Knowlton ac- 
cepted the work Lesquereux, and Lesquereux followed 
Heer his misidentification these conifer shoots. 
doubt Heer could have placed some the blame 
Goppert. Each bears responsibility for the con- 
fusion which has resulted, for not one observed the 
characters which certain foliage and cone specimens 
could distinguished from those Sequoia. 


Henry Andrews, Professor Botany, Washington 
University, and Paleobotanist the 
Missouri Botanical Garden 


the case Arnold, Andrews followed the pre- 
vailing attitude toward “S. chapter 
devoted Sequoia (1947: 184). glance his bib- 
liography shows five titles under authorship which 
this specific name incorrectly applied foliage which 
now refer Metasequoia. His illustration “S. 
(fig. 130) taken from Hollick’s Tertiary 
Floras Alaska and shows branch bearing three 
pairs opposite shoots which the needles are op- 
posite this one the best preserved and most typical 
specimens occidentalis from the Tertiary North 
America. Figure 136 shows twig whose 
needles have the shape dubium, the only conifer 
this type which now recognize from the Latah flora 
Washington. 

There some scant satisfaction our realization that 
botanists like competence Europe have perpetuated 
the Sequoia myth without challenge. sure, there 
are actually numerous fossils correctly assigned 
langsdorfii from the Tertiary western Europe, and 
foliage referable Metasequoia has not yet been found 
there. But their treatment Metasequoia specimens 
from the Arctics, North America, and Asia, European 
botanists and paleobotanists have followed without ex- 
ception the pathway Heer, course which has long 
delayed our understanding the vegetation the past. 


Ralph Chaney, Professor Paleontology, University 
California, and Research Associate, Carnegie 
Institution Washington 


his capacity teacher and editor, Chaney shares 
responsibility for errors the early publications four 
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his former students, Mason, Dorf, LaMotte, and Mac- 
Ginitie. 

The first mention Chaney the conifers with 
which are here concerned appeared three papers 
discussing the Tertiary floras the John Day Basin 
Oregon. the first these (1924), 
listed abundant member the Bridge Creek flora, 
and detailed quantitative comparison made between 
this flora and the modern redwood forest California. 
Since all the material then believed represent Se- 
quoia from this locality now known represent 
occidentalis, the significance comparison involving 
the living sempervirens open question. second 
paper (1925) also emphasizes the interpretation the 
Bridge Creek flora terms the modern redwood 
forest the basis its resemblance other Tertiary 
floras from Eurasia and the Arctics, Chaney concluded 
(page 16) that least the middle part the 
Tertiary habitat similar that the Coast Ranges 
California prevailed over much the northern hemis- 
phere.” The legacy accepted with- 
out challenge was adding misconceptions 
regarding Tertiary climates the taxonomic confusion 
previous decades. Ina third paper flora from the 
somewhat younger Mascall formation (1925a), langs- 
listed with the statement (p. 26) that “This 
species will made include Sequoia angustifolia Les- 
quereux and distichum miocenum Heer, since 
the differences all three are slight and the order 
those occurring single trees the closely related 
living redwood, Sequoia sempervirens.” would 
interesting indeed find tree this living species 
and the angustifolia (Taxodium) type. While 
Chaney was correct combining 
num with failed note the opposite 
phyllotaxy these two species, which distinguished 
them from Sequoia, and followed his predecessors 
accepting angustifolia, now known represent 
Sequoia. 

discussion the Bridge Creek flora the 
Crooked River Basin (1927), recognized langs- 
common species, and mentioned its resem- 
blance the living sempervirens. Comparison with 
the Bridge Creek flora the John Day Basin (p. 86) 
showed lower representation and greatly 
increased representation evergreen oaks, which in- 
terpreted resulting from local differences topog- 
(p. 88). brief statement (1930) described 
the occurrence langsdorfii Tertiary deposits 
St. Lawrence Island the Bering Sea; the foliage spec- 
imens which this statement was based all have the 
opposite phyllotaxy Metasequoia. several short 
papers (1936, 1936a, 1937: 14, 1938, 1938a, 1940), 


the four eminent botanists mentioned all 
whom had examined the Bridge Creek collections and ac- 
cepted the identification langsdorfii. 
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Chaney developed the thesis that changing climates 
the northern hemisphere had resulted shifting from 
Alaska middle latitudes the Tertiary temperate 
forest which langsdorfii was dominant member 
recognized that this forest included genera longer 
living the western United States, but confined the 
eastern sides North America and Asia where rain 
falls during the summer mentioned the gradual dis- 
placement langsdorfii dubium during later 
Tertiary time the interior the United States follow- 
ing mountain uplift toward the coast which altered the 
climate. similar migration southward Asia dis- 
cussed Chaney and their consideration the 
Shanwang flora This thesis has not been 
invalidated the recent discovery that deciduous 
conifer, Metasequoia, was the dominant member this 
Arcto-Tertiary Flora rather than evergreen, Sequoia. 
The thesis has fact been strengthened the realiza- 
tion that summer-wet type climate prevailed over 
wide areas the hemisphere during the Ter- 
tiary instead climate like that now found coastal 
California. regime summer rainfall prevails today 
the interior China where Metasequoia has survived, 
and the eastern sides the northern continents where 
the largest representation Arcto-Tertiary genera 
now found living. 

Meanwhile there were some misgivings regarding the 
status fossil cones collected the Bridge 
Creek flora and Elko, Nevada, beds Oligocene 
these cones, attached long, naked stems, differed 
much from those the living sempervirens that 
James Ashley, graduate student the University 
California, actually stated unpublished course re- 
port (1938) that they might properly placed 
genus intermediate between Sequoia and Taxodium. 
This suggestion was not recognized important 
Chaney and his associates, none whom had noticed 
the other essential difference between these stalked cones 
and those Sequoia—the decussate attachment their 
nor had any observed still more obvious 
character, the decussate phyllotaxy associated foliage 
were still under the influence the langs- 
tradition. 

One the complicating factors our too general 
recognition Sequoia the Tertiary North America 
the frequent occurrence foliage and cones actually 
referable that genus. have mentioned above spec- 
imens from the Pliocene California which are not 
readily distinguishable from langsdorfii described 
Europe. Another such record comes from the Lower 
Pliocene Troutdale formation Oregon (Chaney 1944: 
340). The needles seven foliage shoots collected 
(pl. 57, fig. no. 2585, also nos. 3505, 3506, 3507, 3508, 
3509, 3510, specimens not figured, Univ. Calif. Mus. 
Paleont.) have the typical shape and mode attachment 
both sempervirens and and were 
referred the latter species. Our current practice 
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assign them the American Tertiary species, 
affinis, rather than the European species. 

The Miocene and Pliocene records “S. 
and dubium are given the distribution table 
volume the Pliocene Floras California and Oregon 
(Chaney 1944: opp. 354). These provide comparison 
Chaney’s opinions regarding the later Tertiary oc- 
currence these genera the western United States 
1944 with those the present writing. The records 
dubium the Latah, Mascall, and Neroly floras 
are need revision the light our present 
knowledge. The records “S. fifteen 
localities will considered order their age: 


Salmon, Idaho Oligocene Collections the National 
Museum include foliage specimens which show opposite 
shoots bearing decussate needles and are referable 
occidentalis. cone figured Brown (1935: 573, pl. 
67, fig. 10, no. 39229) bears spirally attached scales and 
appears assignable Most the foliage 
specimens from this locality the University Cali- 
fornia show scaly needles, but one slab has shoots with 
broad needles, distichously all are referable 

Latah, Washington; Middle Miocene: Specimens 
are now all considered represent 
dubium. 

Oregon; Middle Miocene: This and several 
following floras which range down into the Middle 
Miocene were listed the table Upper Miocene. 
Foliage from the Mascall now known 
represent occidentalis. 

Blue Mountains, Middle second 
John Day Basin flora has foliage and cones referable 
affinis. 

Upper Cedarville, Nevada and California; Middle 
Miocene: Foliage specimens appear referable 
Glyptostrobus oregonensis. 

Payette, Idaho; Middle Miocene: All the Payette 
specimens Sequoia the National Museum and the 
University California are now assigned dubium. 

Succor Creek, Idaho; Middle Miocene: This foliage 
represents dubium. 

Thorn Creek, Idaho; Upper Miocene: All this foliage 
now considered represent affinis. 

Lower Idaho Creek and other localities, Idaho) 
Transitional Mio-Pliocene: Foliage shoots 
sionally assigned affinis and oregonensis. 

Remington Hill, California; Transitional Mio-Plio- 
Foliage specimens are correctly referred Se- 
quoia, and assigned affinis. 

Ellensburg, Washington; Lower Pliocene: These 
specimens also represent affinis. 

Troutdale, Oregon; Lower Pliocene: These leafy 
shoots resemble those but view 
their American occurrence are considered represent 
affinis. 
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Upper Pliocene Wood identified 
that Sequoia all that has been found here; 
doubtless represents the same species Sequoia that 
represented foliage and cones other Pliocene local- 
ities, affinis. 

Santa Clara, California Upper Pliocene Leafy shoots 
seem properly referred affinis. 

Sonoma, California; Upper Pliocene: Leafy shoots 
and wood are the type formerly referred langs- 


Summarizing present opinion 
Miocene and Pliocene occurrences 
only five the Miocene records appear generically 
correct, those from the Blue Mountains Oregon, 
Salmon, Thorn Creek, Idaho, Lower Idaho, and Rem- 
ington Hill, California; for reasons which will more 
fully considered below, longer recognize 
North America, and assign all Tertiary mate- 
rial affinis; apparent that this species was 
widely distributed geographically during Middle Ter- 
tiary time. Part the foliage considered represent 
occidentalis, and part that from the Lower Idaho 
oregonensis. Sequoia foliage from all five the 
Pliocene localities considered represent 
rather than the European species, 

Considering further attitude toward the Tertiary 

distribution Sequoia, was becoming increasingly 
aware the ecological inconsistencies involved the 
records its presence high latitudes, when wrote 
The occurrence Sequoia (at latitude degrees north 
Grinnell Land) difficult explain, for the living 
coast redwood, sempervirens, limited regions mild 
temperature; however the Sierra redwood, gigantea, 
occurs altitude 8,000 feet the mountains 
Central California where winter temperature goes minus 
12° and snowfall heavy; seems probable that 
ecotype the redwood may have been suited life within 
degrees the north pole under the mild climatic regime 
the Eocene, and that may have had the deciduous habit 
modern Taxodium and certain other conifers. 


Metasequoia occidentalis, with which was then un- 
wittingly concerned, scarcely Tertiary ecotype 
member distinct genus; however holds 
analogous relationship evergreen members the 
genus Sequoia, and early Tertiary time had estab- 
lished itself regions where seasonal extremes climate 
made deciduous habit essential. News that de- 
ciduous conifer with leaves and cones somewhat 
sembling those Sequoia had been found the in- 
terior China reached less than year after the 
above statement was written, together with reference 


This statement was written before news the discovery 
Metasequoia reached the United States, but was not published 
Encyclopaedia Britannica until 1948. 
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Miki’s establishment the genus Metasequoia 
the basis Pliocene material from Japan.** 

made reference this newly discovered genus 
symposium “Origin and Development Natural 
Floristic Areas with Special Reference North Amer- 


The Eocene existence Sequoia, Taxodium, Pinus, Picea, 
Carex, Salix, Betula and Corylus regions where the polar 
night lasts for several months has led wide speculation 
regarding continental drift and the migration poles, 
well suggestions that the plant remains were carried 
northward ocean currents. There appears 
good reason why hardy ecotypes these genera, many 
which now range far north the arctic circle, should not 
have lived Grinnell Land time when winter tem- 
peratures were moderate; the existence polar ice-caps 
during Eocene time doubtful, and wholly different 
regime air and water circulation may expected have 
characterized high latitudes. Recent discovery Wan-Chun 
Cheng living relative Sequoia central China, tree 
which sheds its leafy twigs during the winter, provides 
possible basis for explaining the occurrence this now 
warm temperate plant Grinnell Land. For without 
leaves, Sequoia and Taxodium might both expected 
survive dark winter which was not cold. Occurrence 
fossil remains resembling this living Chinese tree, assigned 
the genus Metasequoia paper Cheng and not 
yet printed, has been reported from Eocene deposits 
Greenland, Spitzbergen and Alaska, and probably the 
Cretaceous Greenland. 


this time was active correspondence with Drs. 
and Merrill regarding the occurrence 
icance Metasequoia. But was not until late 
1947, when the first foliage specimens the living tree 
were sent Merrill, that was able make 
effective comparisons with the figures Heer’s Flora 
Fossilis Arctica, and with own collections from west- 
ern North America and northeastern Asia. Results 
these preliminary studies emphasized the need for 
additional information regarding the living trees, and 
1948 led visit the remote valleys Central 
China where they had been discovered Wang four 
years previously. Subsequent studies living and fos- 
sil Metasequoia, and the closely related remains 
Sequoia and Taxodium have provided the material here 
presented. 


SUMMARY THE STUDY METASEQUOIA, SE- 
QUOIA AND TAXODIUM WESTERN NORTH 
AMERICA DURING THE PAST CENTURY 


Heer was the first recognize, 1855, that fossil 
foliage from western Europe assigned langs- 
dorfii Brongniart was referable the recently estab- 
lished genus Sequoia; this served prelude the 
discovery langsdorfii North America and the 
arctic islands. These American and other northern 
records were based upon misidentifications Heer and 


his contemporaries, for the foliage shoots show decussate 


letter from Dr. Hsen-hsu dated May 24, 1946. 
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phyllotaxy rather than the spiral phyllotaxy Sequoia. 
western North America, Newberry assigned similar 
foliage collected 1849 Taxodium, asserting that 
was deciduous type and could therefore not Se- 
quoia; Taxodium foliage shows spiral phyllotaxy like 
that Sequoia. Newberry, Lesquereux, and Dawson 
failed recognize the decussate pattern characterizing 
many fossil specimens foliage and cones which they 
studied, and during the remainder the nineteenth 
century assigned them several species Sequoia and 
Taxodium. Knowlton, Hollick, and Berry showed 
awareness this incorrect treatment during the early 
decades the present century, and added species their 
own which further confused the relationship Tax- 
odium and Sequoia. Elsewhere the world, not 
single paleobotanist looked with discerning eye upon 
these abundant foliage shoots with opposite leaves, and 
most them failed even distinguish consistently be- 
tween Sequoia and Taxodium. None the present 
generation workers, including the writer, raised 
effective protest against these long standing errors until 
1941, when Miki reached the conclusion that certain 
deciduous shoots and stalked, decussate cones Plio- 
cene deposits Honshu were generically distinct from 
those Sequoia and Taxodium. His newly founded 
genus, Metasequoia, has provided the key our under- 
standing the genera and species the Taxodiaceae, 
the most abundantly represented family conifers the 
Cretaceous and Tertiary western North America. 

This record century effort and error far 
from discrediting the paleobotanists who have worked 
North America, and paleobotanists Europe and 
Asia who have been equally slow reach sound under- 
standing these ancient conifers. clearly desirable 
know the sort plant fossil represents, but also 
important have some ideas about its age, its climatic 
indications, and its geographic distribution. Heer, 
Newberry, and Lesquereux, while they disagreed 
details, all formulated sound like every 
conclusion based upon the fragmentary evidence the 
past, theirs were subject correction when fuller in- 
formation became available. 

live day when travel relatively simple, and 
when ready communication possible between most 
workers may readily map the distribu- 
tion living forests, and compare their trees with the 
imprints leaves and fruits preserved the rocks. 
Yet even with the larger collections which bring 
together, and the increasing discernment wider ex- 
perience, shall doubtless continue misidentify 
many fossils, did those who worked before us. Such 
mistakes will cloud our estimates the age the rocks 
involved, bringing stratigraphic inconsistencies the 
sort that troubled the pioneers paleobotany century 
ago. They will introduce insoluble elements into our 
ecological interpretations, did failure distinguish 
deciduous Metasequoia from evergreen Sequoia the 
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Tertiary forests the North. They will prevent any 
sound conclusions regarding the phylogenetic relation- 
ships between closely related genera such Metase- 
quoia, Sequoia, and Taxodium. seems apparent that 
every effort must made bring sounder systematic 
treatment into the study the vegetation the past. 
the case leaf specimens which film carbon 
shows the characters the epidermis, additional evi- 
dence may available regarding the 
sented, but this type preservation rarely found 
among the Cretaceous and Tertiary conifers western 
North America. carbon films were present 
the specimens here being studied, the stomatal arrange- 
ment similar Sequoia and Metasequoia not 
provide basis for distinguishing these genera. 

conclusion, may consider briefly the implica- 
tions the time-space records these three genera, 
now known western North America. Two them, 
Metasequoia and Sequoia, make their appearance 
rocks Upper Cretaceous age high northern latitudes. 
Here the remains Sequoia are not the distichous 
type, but show the scaly foliage characteristic living 
and fossil Sequoias now being placed separate genus, 
Sequoiadendron. However, there appears true 
Sequoia, with flat sprays foliage, Cretaceous de- 
posits middle latitudes Alberta and the United 
States. specimen from southern Manchuria now 
being studied Seido Endo, which have had the 
opportunity examining his laboratory Sendai, 
reported occur beds Jurassic age. foli- 
age this specimen distichous, and shows close re- 
firmed, this will represent the oldest record Sequoia 
the world, record which antedates also the first 
appearance Metasequoia. records Taxo- 
dium are not found until the beginning the Tertiary 
period. time species Taxodium, Sequoia, and 
Metasequoia not readily distinguishable from the living 
species these genera became abundant, with both 
Metasequoia and Taxodium widely distributed high 
northern latitudes their ranges were gradually extended 
southward response climatic trend toward lower 
temperature and precipitation. These species were 
greatly restricted distribution during later Tertiary 
time, when the topography and climate our day began 
alter their environment. Metasequoia disappeared 
from the living forests North America before the close 
the Miocene epoch, probably result changes 
the precipitation regime from summer-wet summer- 
dry; its living equivalent, glyptostroboides, has sur- 
vived only the summer-wet climate central China, 
where associated with many other deciduous mem- 
bers the Arcto-Tertiary Flora. dubium 


lived western North America until the beginning 
the its swamp habit doubtless enabled 
continue longer under summer-dry conditions than 
The living 


slope species such occidentalis. 
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mucronatum occupies valley bottoms areas with simi- 
larly unfavorable climate Mexico and Central Amer- 
ica, while the more nearly related distichum survives, 
with many members the Arcto-Tertiary Flora, along 
rivers and swamps the eastern United States, where 
summer-wet climate has continued. Sequoia affinis, 
not known occur north Washington and Montana, 
became gradually restricted higher levels inland, and 
the western margin the continent where summer 
fogs adequately offset the lack summer rainfall; its 
living equivalent, sempervirens, limited the 
coastal zone from central California southern Oregon, 
are specimens wood and foliage assigned this 
species from the Pleistocene; here associated with 
relatively few surviving members the deciduous 
Arcto-Tertiary three living species coni- 
fers have been greatly reduced number man’s occu- 
pation contiguous areas, and only the coast redwood 
now being adequately protected sound conserva- 
tion program. 

There convergence the Tertiary species 
Sequoia, Taxodium, and Metasequoia, the Cre- 
taceous species Sequoia and Metasequoia. They and 
their genera appear distinct from each other 
the time their first appearance they are today. 


RECOGNIZABLE FOSSIL SPECIES 
METASEQUOIA, SEQUOIA, AND 
TAXODIUM WESTERN 
NORTH AMERICA 


THE 


preceding chapters have considered the many 
errors generic identification fossil representatives 
Sequoia and Taxodium during the past century, and 
the additional confusion which has resulted from failure 
recognize the presence third genus, Metasequoia. 
have pointed out the foliage and cone characters 
which these three genera may recognized the fossil 
record. may next turn the distinguishing char- 
acters for the species Metasequoia, Sequoia, and 
Taxodium which are known occur Cretaceous and 
Tertiary deposits western North America. 


METASEQUOIA 


The two American species Metasequoia represent 
new combinations involving several species each Se- 
quoia and Taxodium, and three other genera. Certain 
these species, originally described from Europe, are 
still good standing there, though they are longer 
recognized occurring North America; these in- 
clude the widely recorded Sequoia and 
Glyptostrobus europeaeus. Such species Taxodium 
distichum miocenum, Sequoia brevifolia, and dis- 
tichum appear hold only precarious status even 
Europe, view changed generic specific references 
North America and elsewhere. Several forms orig- 
inally described from North America, such Taxodium 
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occidentale, cuneata, T..crassum, angustifolia, 
heerti, oblongifolia, and obovata, longer main- 
tain status fossil species because their inclusion 
the new combinations Metasequoia, other species 
the Taxodeaceae. the European conifers once 
widely recorded North America, only 
dubium recognized cosmopolitan member the 
temperate forest the northern hemisphere. 

previously mentioned, the foliage Metasequoia 
more abundant rocks Tertiary age than that 
any other conifer western North America, and the 
same true the arctic islands the east and north. 
Many Tertiary localities also provide well preserved 
pistillate cones, and the more fragmentary remains 
shoots bearing staminate cones. During the Cretaceous 
period preceding, this genus was less abundant and 
widely distributed, judged the fossil how- 
ever, its foliage and pistillate cones have been found 
many localities the Rocky Mountain area, the 
Puget Sound region and Alaska, and foliage also 
known from Greenland. 

Whether more than one biologic species represented 
this abundant fossil record Metasequoia North 
America question which there may differences 
opinion. may even consider the possibility that 
there are sound specific distinctions between the 
known fossil remains this tree and the living survivor 
China, glyptostroboides and Cheng. 
matters this sort, the paleontologist may justified 
taking somewhat arbitrary position with regard 
the significance minor differences between related 
plants from one period geologic time another this 
procedure the more consistent since has long been 
followed many botanists and zoologists their 
specific treatment living forms from different areas. 
shall point out that there are recognizable differences 
between the foliage the Cretaceous species, cuneata, 
and occidentalis the Tertiary. Whether there 
equally sound biologic basis for separating the latter 
from glyptostroboides seems most pa- 
leontologists will agree that there are advantages 
assigning separate names fossil and living forms unless 
their specific identity completely established. These 
advantages are specially apparent early stages 
study when some characters fossil form may 
imperfectly known, the case the material hand. 
Any serious defects such taxonomic procedure can 
largely offset the relationships the fossil the 
nearest living equivalent species its genus are pointed 
out. The practice discussing living equivalents 
Tertiary plants long established, and has been fully 
described (Chaney 1944: 12; 1938: 372). 

The two fossil species Metasequoia here established 
were first described Newberry (1863: 516, 517) 
Washington and British Columbia; his original 
reference both the genus Taxodium, cuneata 
the case the Cretaceous species, occidentale for 
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the Tertiary, was unqualified, but within few years 
was considering the possibility that the latter was 
referable the genus Taxus this later 
paper, Newberry also discussed the relations 
dorfu from the “Banks the Yellowstone re- 
garding this plant, which now know identical 
with his occidentale, stated (p. 47) that 
its generic affinities may have been, its foliage was de- 
Neither it, nor the material described 
from Cretaceous deposits Nanaimo 
Heer, were accepted Newberry properly referable 
Sequoia. Many decades were pass before realiza- 
tion came Miki that similar fossils from Japan were 
not assignable either Taxodium Sequoia (1941: 
261). But view the information available regard- 
ing fossil and living conifers Newberry’s day, this 
pioneer paleobotanist western North America showed 
remarkable understanding the taxonomic problems 
involved these specimens assigned Taxodium and 
Sequoia. wholly fitting that his specific names 
retained the new combinations which 
establishing the basis our present knowledge 
these fossil conifers. 


METASEQUOIA OCCIDENTALIS NEWBERRY CHANEY, 
NEW COMBINATION 


Plate figure plate figures 1-3; plate figures 
figures 1-6; plate figures 1-3; plate figures 
plate 10, figures la, 2a, 3-6; plate 11, figures plate 12, 
figures 5-8. 

Taxodium occidentale Newberry, Boston Soc. Nat. Hist., 
vol. 516, 1863. Birch Bay, Wn. 

Newberry, Lyc. Nat. Hist. Ann., vol. 45, 
1868. Banks Yellowstone River, Mont. 

Dawson, Geol. Survey Can., Rept. Prog., 1875-76, 260, 
1877. Blackwater River, 

Lesquereux, Geol. Survey Terr., Cret. and 
pl. 11, figs. 1-3, 1878. 

Newberry, Geol. Survey Mon. 35, 23, pl. 26, figs. 
1-3, pl. 55, fig. part, 1898. Yellowstone River 
and northern Mont. 

Penhallow, Geol. Survey Can. Ann. Rept. vol. 16, pp. 
390A, 391A, 1906. Quilchena, 

Penhallow, Rept. Tert. Plants British Columbia, 91, 
1908. 

Berry, Geol. Survey Can., Bull. 42, pl. 97, pl. 10, fig. 

Berry, Roy. Soc. Can., Trans. ser., vol. 20, sec. 
190, 1926. Near Panoka and Red Deer, 

Geol. Survey Can. Mem. 182, 19, 
ern Sask. 

Hollick, Geol. Survey Prof. Paper 182, 50, pl. 
16, pl. 109, 10, 1936. Hamilton 
Bay, Nenana, Alaska. 

Taxodium crassum Hollick, Geol. Survey Prof. Paper 
182, 48, pl. 64, only, 1936. Hamilton Bay, 
Alaska. 

Taxodium distichum miocenum Heer, Flora Foss. 
1869. English Bay, Cook Inlet, Nenilschik, Indian 
Archipelago, Alaska. 
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Lesquereux, Rept. Geol. Surv. Terr., vol. 73, 
pl. fig. 12, (not 14a), 1878. Elko, Nev.; Car- 
bon, Evanston, Wyo. 

Newberry, Geol. Survey Mon. 35, 22, pl. 47, 
Bridge Creek, Ore.; pl. 51, part, pl. 52, figs. 
part, pl. 53, part, Cook Inlet, Alaska; pl. 55, 
Birch Bay?, Wn. 1898. 

Knowlton, Geol. Survey Bull. 204, 27, 1902. 
Van Horn’s Ranch, Ore. 

Penhallow, Rept. Tert. Plants British Columbia, 91, 
1908. Similkameen and Quilchena, 

Taxodium dubium (Sternberg) Heer. 

Berry, Survey Can., Mem. 182, 1935. 
Sask. 

Hollick, Geol. Survey Prof. Paper 182, 47, pl. 
16, pl. 51, 5a, Creek, Port Camden 
Bay, Cook Inlet, Alaska. 

MacGinitie, Carnegie Inst. Wash. Pub. 465, 132, 
unfigured specimens, nos. 1082, 3504, 3512, 1937. 
Weaverville, Calif. 

Taxodium tinajorum Heer. 

Lesquereux, Nat. Mus. Proc., vol. 11, 34, 1888. 
Greenland (Peary Coll., spec. no. 2617). 

Knowlton, Nat. Mus. Proc., vol. 17, 214, 1894. 
Port Graham, Alaska. 

Knowlton, Geol. Survey, 17th Ann. Rept., pt. 
878, 1896. Port Graham, Alaska. 

Knowlton, Harriman Alaska Exped., vol. 152, 1904. 
Kukak Bay, Alaska. 

Hollick, Geol. Survey Prof. Paper 182, 50, pl. 10, 

Glyptostrobus europaeus (Brongniart) Unger. 

Hollick, Geol. Survey Prof. Paper 182, 51, pl. 17, 
only, 1936. Matanuska River, Alaska (spec. no. 

Metasequoia (Lesquereux) Chaney. Proposed by: 

and Cheng, Bull. Fan Mem. Inst. Biol., ser. vol. 
no. 158, 1948. 

Sequoia angustifolia Lesquereux. 

Penhallow, Kept. Tert. Plants British Columbia, 88, 
1908. River, spec. nos. 7973e, 7974c; 
Horsefly River, spec. no. 7562. 

brevifolia Heer. 

Penhallow, Rept. Tert. Plants British Columbia, 88, 
1908. Several localities including Similkameen River, 
spec. no. 

Hollick, Geol. Survey Prof. Paper 182, 46, pl. 15, 
pl. 78, 6b, Creek; Hamilton Bay, 
Alaska. 

Sequoia disticha Heer. 

Hollick, Geol. Survey Prof. Paper 182, 47, pl. 15, 
1936. Anchorage Bay, Alaska. 

Sequoia Lesquereux, Geol. Survey Montana. 
Prelim. Rept., vol. 290, 1872. Sage Creek, Mont. 
Rept. Geol. Survey Terr., vol. 77, pl. 
12, (not 11), 1878. Sage Creek, Mont. Rept. 
Geol. Survey Terr., vol. 138, 1883. Sage 
Creek, Mont. 

Newberry, Geol. Survey Mon. 35, 20, pl. 47, 
1898. Bridge Creek, Ore. 

Knowlton, Geol. Survey Bull. 204, 23, 1902. 
Bridge Creek, Ore. 

Penhallow, Rept. Tert. Plants British Columbia, 89, 
text-f. 32, 1908. River, 

Hollick, Geol. Survey Prof. Paper 182, 47, 1936. 
Kukak Bay, Alaska. 

Sequoia (Brongniart) Heer, Flora Foss. Arct., 
vol. 136, pl. 21, 1-8, 1868. Mackenzie River, 
North Canada; vol. no. 23, pl. 10, 1869. 


Southern 
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English Bay, Cook Inlet, Neniltschik, Kuju Island, 
Alaska; vol. pt. no. 13, pl. and 1880. 
Mackenzie River, North Canada. 

Lesquereux, Rept. Geol. Survey Terr., vol. 
240, pl. 50, 1883. Bridge Creek, Ore. Also 
223, Ft. Union badlands North Dakota. 

Lesquereux, Nat. Mus. Proc., vol. 11, 34, 1888. 
Peary Collection, Greenland (Peary Coll., spec. nos. 
2606 and 2616). 

Knowlton, Geol. Survey 20th Ann. Rept., Pt. 
39, 1900. Murphy’s Springs, near Ashland, Ore. 
Geol. Survey Bull. 204, 25, 1902. Bridge 
Creek, Ore., all specimens; Van Horn’s Ranch, Ore. 
spec. no. 8960. 

Penhallow, Rept. Tert. Plants British Columbia, 89, 
1908. River, spec. no. 7978 (42 specimens) 
Princeton spec. no. 3947 (10 Princeton, 
Tranquille River, Collins Gulch and Quilchena, C., 
spec. no. 8039a unnumbered spec. 

Chaney, Carnegie Inst. Wash. Pub. 346, 102, 1927. 
Crooked River, Ore. 

Mason, Carnegie Inst. Wash. Pub. 346, 153, pl. 
Dugout Gulch near Clarnos Ferry, Ore. 

Brown, Jour. Paleontology, vol. 537, pl. 67, la, 
1935. Salmon, Wash. spec. no. 39317. 

Hollick, Geol. Survey Prof. Paper 182, 47, pl. 
la, 4b; pl. 10, 2b, 3a; pl. 12, pl. 13, 
4a; pl. 14; pl. 15, 1-5, pl. 32, 1b; pl. 33, Ic; 
pl. 86, 2b; pl. 108, pl. 110, 1b, 1938. Kache- 
mak Bay, Admiralty Island, Kupreanof Island, Eska 
Creek, Herendeen Bay, Chignik Bay, Bryant Creek, 
Cape Douglas, Nun Point, Zarembo Island, Hamilton 
Bay, Ninilchik, Keku Island, Alaska. 

Sanborn, Oregon State Mon., Studies Geol., No. 
16, pl. 1949. Scio, Ore., Ore. State Coll. 
collections spec. no. 526. 

Sequoia Heer. 

Penhallow, Rept. Tert. Plants British Columbia, 90, 
1908. Quilchena, 

oblongifolia Jennings, Carnegie Mus. Mem., vol. 
400, pl. 23, la, 1920. Missoula, Mont. 

Sequoia sp. (cone) Knowlton, Geol. Survey Bull. 
204, 26, pl. Horn’s Ranch, Ore. 

(Brongniart) Seward. 

Bell, Geol. Survey Can. Bull. 13, 47, pl. 27, 
pl. 29, 1949. Paskapoo, Alta. 

Taxites occidentalis (Newberry) Dawson, Geol. Survey 
Can. Rept. Prog., 1879-80, 54A, 1868. Souris River, 
Sask. 

Taxus sp. Mason, Carnegie Inst. Wash. Pub. 346, pl. 
1929. Crooked River, Ore. 

Chaney, Carnegie Inst. Wash. Pub. 346, 102, 1927. 
Crooked River, Ore. 


Description 


leaves except base where they form stout, scaly 
two types, long shoots which are persistent and 
develop into branches, and short shoots which are de- 
ciduous. bearing needles 2.4 cm. 
long and mm. broad; needles decussately attached and 
rotated into flat sprays prior the development short 


1Following Newberry’s original description 
dentale (1863: 516): Desc. Branchlets terete, leaves numerous, 
crowded, generally opposite, sessile, very short-petioled, one- 
nerved, flat, rounded both ends. 
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shoots their axils, which stage they show return 
toward diametrically opposed position, and become 
widely spaced the shoot lengthens and short shoots 
not all pairs leaves long shoots bear short 
shoots their axils, and one three pairs may per- 
sist along the stem between the pairs where short shoots 
have developed; one short shoot pair fails 
develop shed, long shoot needle may persist 
stem opposite the short shoot which has developed sub- 
tending needles commonly deciduous during after 
short shoot growth. slender, straight 
more closely spaced pairs leaves, decussately attached 
but always rotated into distichous position except the 
tip growing shoots, longest middle shoot and 
gradually shortening form rounded apex; com- 
monly shed separately. linear, nearly the 
same width throughout, abruptly rounded base and 
narrowed short petiole, bluntly rounded apex 
with mucronate tip which not commonly preserved 
middle shoot length ranges from mm., 
width from mm.; approximate average dimen- 
sions middle shoot mm. 1.4 mm.; closely 
spaced shoots, branching off angles commonly 
approaching degrees, and seldom low de- 
obliquely attached decurrent bases which are 
prominent and extend obliquely down shoot next pair 
needles; many needles may missing from shoots 
midvein well defined; dark spot base leaf may 
result from absence there chlorophyll (judging from 
similar areas modern leaves). PISTILLATE CONES 
globose ovoid, some cases oblate elongate prob- 
ably result compression; ranging diameter 
from 1.1 2.2 cm. for closed cones, 3.4 for open 
cones, averaging about 1.5 cm.; deciduous elongate, 
commonly curving, leafless shoots from 2.1 cm. 
case specimens which may crushed; cone shoots 
may show decussately arranged scars leaves, which 
have all cases been shed before group 
scaly leaves may seen the base well preserved 
cone shoots; cone scales peltate, decussately attached, 
elongated transversely, concave with medium depres- 
sion from which lines radiate margin, 
elongate, with curving wings notched 
distally, mm. long and mm. broad over all. 
STAMINATE CONES borne specialized shoots; only 
detached shoots have been found, 8.5 cm. long, but 
association groups similarly oriented shoots sug- 
gests their attachment panicles like those the living 
species; borne laterally decussate pairs which tend 
rotated into single plane; some instances more 
than one cone may develop each side; axils 
foliage leaves which are rarely young 
cones globular, mm. diameter, becoming ovoid 
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obscure, decussately arranged. 


Discussion 


occidentalis dominant member many Ter- 
tiary floras ranging stratigraphically from Paleocene 
through Middle Miocene, and geographically from 
Alaska south California, and eastward Saskatche- 
wan and North Dakota. material 
occurs Siberia, Spitzbergen, and Greenland, but 
not synonymized with our species from western North 
America for reasons given above. Its closely spaced, 
opposite leaves branching off nearly right angles, and 
its long-stemmed, decussate-scaled cones make easy 
recognize. Commonly associated trees are predomi- 
nantly deciduous, including such genera Taxodium, 
Acer, Alnus, Betula, Carpinus, Castanea, Cerciphyllum, 
Fagus, Liquidambar, Quercus, and Ulmus. floras 
where dubium abundant, occidentalis 
sparsely represented, the Middle Miocene Mas- 
call the John Day Basin; the Upper Oligocene 
Bridge Creek flora the same region, occidentalis 
extremely numerous, and dubium infrequently 

First collected Dana and Gibbs the Puget Sound 
area, Condon the John Day Basin, and Hayden 
the valley the Yellowstone River, this species was 
named Taxodium occidentale Newberry, who recog- 
nized its deciduous habit from the abundance its dis- 
connected foliage shoots. Similar material was called 
Sequoia Heer and Lesquereux. With 
this reference Newberry voiced disagreement because 
believed that their specimens represented foliage 
from deciduous tree; this respect was correct 
for may seen the synonymy, both these early 
workers and almost all others who have cited langs- 
dorfii since were dealing with the foliage Metasequoia. 
Another European species, distichum miocenum, has 
also been frequently designated for identical fossil 
foliage. 

Stalked cones, first noted Lesquereux Montana, 
and later others elsewhere, were given the separate 
name, heerii. Such error was natural prior 
the discovery Metasequoia, for spite their decus- 
sate scales these cones show marked resemblance 
those the living coast redwood, sempervirens. 
Lesquereux believed that the absence needles the 
stalk was the result maceration foliage 
shared this delusion myself the time first saw 
the cones modern glyptostroboides; doubt 
Lesquereux would have corrected himself with equal 
promptness had had the good fortune live 
the time this tree was discovered China. 

survey the figured and other specimens cited 
the synonymy shows that assignment these charac- 
teristic leaves and cones has previously been made 
five species Taxodium, seven species Sequoia, and 
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one species each Glyptostrobus, Sequoiites, Taxites, 
and Taxus. apparent either that the decussate 
arrangement foliage and cones was not noticed, 
was not considered significant the fourteen American 
and European paleobotanists who have studied them. 

The propriety placing all this material single 
species may questioned some systematists. 
procedure this case, all others where compari- 
sons may made, determine the range vari- 
ation leaves and fruits the nearest related living 
species. this instance found that the leaves 
glyptostroboides show all the variations size which 
characterize the fossil specimens studied all the large 
leaves are interpreted growing long shoots (pl. 
figs. 1,9; pl. figs. 3), while the smaller leaves (pl. 
attached deciduous, short shoots. the outset 
this study, was assumed that the relatively slender 
foliage from Elko, Nevada (pl. fig. pl. 12, fig. 
would constitute basis for designating second Ter- 
tiary species however, was soon observed that foliage 
this type might found certain seedlings 
glyptostroboides growing Berkeley, and herbarium 
specimens from Hupeh. Furthermore, all gradations 
between slender and broad, short and long leaves, may 
noted fossil specimens. his initial treatment 
Metasequoia cones from the Pliocene Japan 
262), Miki designated two species the basis the 
shape and number their cone scales. 
numerous modern cones indicates corresponding 
variation shape cone scales, and even wider 
sion the Japanese material will here made, but 
seems probable that modern material had been avail- 
able for comparison during Miki’s study, might not 
have recognized two species the basis these cone 
differences. Our American cones (pl. figs. 1-5; pl. 
12, fig. show range shape and number corre- 
sponding that the living species China, and pro- 
vide criteria for designating two open cones 
(pl. figs. appear larger than closed ones, but 
there considerable variation size among closed 
cones (pl. figs. and 3). 

their announcement the living species, glyp- 
tostroboides, and Cheng (1948: 158) proposed sev- 
eral new fossil combinations involving 
ously referred Sequoia; these were based letter 
indicating preliminary opinion that some 
published figures these Sequoia species were reality 
Metasequoia. Only one these new combinations 
involved our consideration the records from west- 
ern North America; this heerii, based 
transfer Lesquereux’s record the cone from Sage 
Creek, Montana. Reference the synonymy above 
will indicate that Lesquereux used this name nine years 
after Newberry applied the name occidentale foli- 
age the same plant from British Columbia. The new 
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combination proposed and Cheng therefore 
placed synonymy here under occidentalis; the 
other new combinations will probably not valid, but 
they not fall within the limits the present 


Occurrence 


The published records material here assigned 
occidentalis, supplemented field studies and 
survey the collections the United States National 
Museum and other institutions, indicate that this spe- 
cies appeared first Paleocene time Alaska, Can- 
ada, and the northern United States from Washing- 
ton North Dakota. Its latest known occurrence 
the John Day Basin, Oregon, beds Middle Mio- 
cene age. 

Following list age the Tertiary localities 
where occidentalis has been recorded western 
North America, together with the principal institutions 
where specimens are found, and the numbers (if 
any) assigned them. For the specimens figured 
plates 1-12, these data are given the explanation 
plates. 


Paleocene: St. Lawrence Island, Alaska, Mus. Pal., 
Loc. nos. 225,232, unnumbered. Mt. McKinley Nat. 
Alaska, Mus. Pal., no. P3654, unnumbered. 
Coutlee, Kitsilano, Stikine R., White Lake, C., Vict. 
Mus., unnumbered. Coal Creek, Wn., Mus. 
Loc. no. P3721, unnumbered. Nooksack Canyon, 
Mus. Pal., Loc. no. P3016, 
Vict. Mus., nos. 5991, 5992, 5995, 6133. Vict. 
Mus., nos. 5526, 5538, 5541. Yellowstone and northern 
Mont., Nat. Mus., nos. 50, 51, 6987; Bot. Gard., 
no. 6303. Bighorn Basin, Wyo. (and many other Fort 
Union localities), Nat. Mus., unnumbered. 

Paleocene Alaska, Nat. Mus., nos. 
1380, 1382, 1386, 1388a, 30099, 30194, 30196, 30197, 
30198, 30199, 30228, 30230, 30232, 30233, 34090, 30688, 
38680, 38682, 38685, 38686, 38688, 38690, 38692, 
38696, 38697, 38698, 38701-38711, 38715, 38716, 38718, 
38719, 39074, 39082, 39083, 39088, 39089, and many un- 
numbered. Chignik, Alaska, Mus. Pal., 
P3914, unnumbered. Mouth Fraser R., Bot. 
Gard., no. Cr., C., Bot. Gard., un- 
numbered. Birch Bay, Wn., Bot. Gard., no. 6302. 
Tongue R., Mont., Bot. Gar., unnumbered. 

Eocene Oligocene: Princeton area, C., Vict. Mus., 
7977d, 7978b, 8039a, 8052; Mus. Pal., un- 
numbered. Francois Lake, C., Vict. Mus., unnumbered. 
Horsefly Mine and River, C., Vict. Mus., no. 3079, and 
unnumbered. Quesnel, C., Vict. Mus., unnumbered. 


and unnumbered. Tranquille Vict. Mus., un- 
numbered. Ferry Co., Wn., Mus. Pal., Loc. P4916, 
unnumbered. 


Oligocene: Weaverville, Cal., Mus. Pal., Loc. 141, 
nos. 1082, 3504, Ore., Nat. Mus. and 
Mus. Pal., unnumbered. Scio, Ore., Ore. St. 
no. 526, and unnumbered. Ashland, Ore., Mus. Pal. 
Loc. 3934, no. 3540, and Bridge Cr., John Day 
Basin, Ore., Mus. Pal. Loc. 3741, nos. 3500, 3534. and 
unnumbered; Nat. Mus., nos. 7086, 9105, 9197, 9198, 
9220, 9388, 9402, 9527, 40001; Bot. Gard, unnum- 


t 
zh 
% 
re 
at 
Pr 
» 
\ 
ALL 
é 
4 
4 
“ 
Noth 
q 
fi 


VOL. 40, PT. 1950] 


bered; Univ. Ore., unnumbered; other nearby locs. are 
Twickenham, Mus. Pal., Loc. 4008, no. 3539, and 
unnumbered, Dugout Gulch, Mus. Pal., Loc. 125, un- 
numbered, Loc. 3738, no. 150, and Loc. P4210, nos. 3525, 
3529, 3535, 3536, and unnumbered. Gray’s Ranch, Crooked 
R., Ore., Mus. Pal., Loc. 3748, no. 124, and unnum- 
bered; Nat. Mus., no. 39185. Warner Mts., Cal., 
Mus. Pal., Loc. 80, no. Wn., 
Nat. Mus., no. 39317, and unnumbered. Salmon, Ida., 
Nat. Mus., nos. 8674, 39229, and unnumbered. Burnt Cr., 
Challis, Germer Basin, Ida., Nat. Mus., unnumbered. 
Medicine Lodge Cr., Mont., Nat. Mus., nos. 59, 60, 
8513, 8879 (in part), and unnumbered, including nearby 
locs. Missoula, Mont., Nat. Mus., unnumbered; 
Mus. Pa., unnumbered. 

Oligocene Miocene: Blue Lake, Wn., Mus. Pal., 
Loc. P4805, unnumbered. Elko, Nev., Nat. Mus., 
no. 36883, 40002, and unnumbered; Mus. Pal., Loc. 
3949, nos. 2906, 2908, 3537, and unnumbered. 

Miocene: Van Horn’s Ranch and vicinity, John Day 
Basin Ore., Nat. Mus., nos. 2614, 9029, 8510, 8952; 
Bot. Gard., unnumbered; Mus. Pal., nos. 2888, 
2890, 2891, 2892, 2893, 2902, 2904. John Day, Ore., 
Mus. Pal., Loc. P4603, unnumbered. 


METASEQUOIA CUNEATA (NEWBERRY) CHANEY, 
NEW COMBINATION 


Plate 11, figures 1-6 


Taxodium cuneatum Newberry, Boston Jour. Nat. Hist., 
vol. 517, 1863. Nanaimo, 

Dawson, Roy. Soc. Can. Trans., vol. 25, 1893. 
Kootenai, 

Sequoia cuneata (Newberry) Newberry, Geol. Survey 
Mon. 35, 18, pl. 14, 4a, 1898. Nanaimo, 

Sequoia brevifolia Heer. 

Lesquereux, Geol. and Geog. Survey Terr., Ann. 
Rept., 298, 1874. Point Rocks, Wyo. 

Lesquereux, Rept. Geol. Survey Terr., vol. 78, 
pl. 61, 25-27, 1878. Point Rocks, Wyo. 

Knowlton, Geol. Survey Bull. 163, 27, pl. 

Sequoia dakotensis Brown, Geol. Survey Prof. Paper 
189, 247, pl. 48, 10, Dak. 
spec. no. 40167 only. 

Dorf, Carnegie Inst. Wash. Pub. 508, 129, pl. 4-6, 
8-11, not 1942. Lance Creek, Wyo. 

Sequoia heterophylla? Velenovsky. 

Knowlton, Geol. Survey Bull. 257, 132, pl. 16, 
1905. 

Sequoia (Brongniart) Heer. 

Lesquereux, Rept. Geol. Survey Terr., vol. 76, 
1878. Black Buttes, Wyo. (not Florissant, Colo.). 

Sequoia Heer. 

Dorf, Carnegie Inst. Wash. Pub. 508, 45, pl. 10, 
1938. Craig, Colo. 

Sequoia obovata Knowlton, Geol. Survey Prof. Paper 
98S, 333, 1916. Fruitland, 

Knowlton, Geol. Survey Prof. Paper 101, 250, 
pl. 30, and all type material Nat. Mus. collections 
fide Chaney. Vermejo, Colo. and 1917. 

Hollick, Geol. Survey Prof. Paper 159, 58, pl. 25, 
10-12; pl. 29, 2b, 1930. Alaska. 

Sequoia sp. (cones) Hollick, Geol. Survey Prof. 
Paper 159, 59, pl. 23, 10, 1930. Alaska. 

Tumion? suspectum Hollick, Geol. Survey Prof. 
Paper 159, 55, pl. 19, pl. 29, 1b, 1930. 
Alaska, spec. nos. 37413, 37414. 
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Description 


FOLIAGE SHOOTS bearing monomorphic, acicular leaves 
except base where they are scaly; two types, long 
shoots which are persistent and develop into branches, 
and short shoots which are deciduous. 
longer, but incomplete), and mm. broad; needles 
decussately attached and rotated into flat sprays prior 
the development short shoots their axils, 
which stage they show return toward diametrically 
opposed position, and become widely spaced 
shoot lengthens and short shoots develop; subtending 
needles commonly deciduous during after shoot de- 
needles whose axils short shoots have 
developed may persistent, including single needles 
one side the stem where shoot has failed de- 
velop has been shed. slender, straight 
closely spaced pairs leaves, decussately attached 
but always rotated into distichous position, longest 
lower half shoot, and progressively shorter its 
apex; commonly typically 
slender-oblanceolate, abruptly rounded the base, and 
narrowed very short petiole, much widened and 
rounded apex with mucronate tip which seldom 
preserved, more rarely uniform breadth apex; 
approximate average dimensions middle shoot 
mm. 1.8 mm.; closely spaced shoot, branching off 
angles under degrees but seldom low 
degrees; obliquely attached decurrent 
are fairly prominent and extend obliquely down shoot 
next pair needles; needles somewhat 
sistent than those occidentalis; midvein well de- 
fined. CONES ovoid, less commonly glo- 
bose; 1.6 2.3 cm. long, 1.1 1.6 cm. diameter 
attached elongate, commonly curving, leafless shoots 
none which are complete, nearly mm. diame- 
cone shoots may bear decussately arranged scars 
leaves which have all cases been shed before preser- 
vation; cone scales attached, elon- 
gated transversely, concave with median depression, 
been found. 


Discussion 


Foliage this Upper Cretaceous species has been 
collected the Puget Sound area, the Rocky Moun- 
tains, and Alaska, and cones are known from the 
latter two regions. has been referred one species 
Taxodium, seven Sequoia, and one questionably 
Tumion. Nowhere common occidentalis, 
its characters are less fully known; well preserved 
age may distinguished from that Tertiary species 


Following Newberry’s original description cuneatum 
(1863: 517): Desc. Leaves numerous, short, broad, spatulate 
form, rounder sub-acute summit, wedge-shaped below, 
narrowed into very short petiole, sessile upon the branchlets. 
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the obovate shape many the needles; their 
broader appearance results part from relative short- 
ness; most shoots have studied have fewer needles 
than those occidentalis, and their divergence from 
the stem less commonly near right angles. The 
cones tend more ovoid than those the Tertiary 
species, and their stems are somewhat broader; there 
significant difference between the numbers cone 
scales the two species. With larger suite speci- 
mens, some these differences may become less signifi- 
cant, others may noted. The obovate shape 
least some the needles many shoots the most 
useful distinguishing character cuneata. 

Newberry early recognized that some the Creta- 
ceous and Tertiary foliage from the Puget Sound area 
belonged the same genus, and referred the older mate- 
rial cuneata (later changed cuneata). Les- 
quereux distinguished similar material the Rocky 
Mountains, and mentioned the enlargement 
needles above the middle; assigned Heer’s 
brevifolia from the Tertiary Europe, Greenland, and 
Spitzbergen, species which appears represent Se- 
quoia but which not find separable from langs- 
(p. 189). Knowlton described third species with 
similarly shaped needles from the Upper Cretaceous 
the southern Rocky Mountains, which referred 
realized its similarity brevifolia the 
north, and cuneata from Vancouver Island, but pre- 
ferred keep his Colorado and New Mexico material 
separate all this has oppositely attached needles, and 
find indistinguishable from cuneata. Cones 
from several Cretaceous localities have been referred 
several species Sequoia Brown, Dorf, and 
their attachment naked shoots indicates that they 
represent Metasequoia, and they are assigned the 
Cretaceous species. 


Occurrence 


The published records material here assigned 
cuneata, supplemented survey the collections 
Princeton University, the United States National 
Museum, and other institutions, indicate that this spe- 
cies first appeared Upper Cretaceous time from 
Alaska Vancouver Island, southward along the Rocky 
Mountains New Mexico, and eastward into Colo- 
rado, Wyoming, and North Dakota. Its latest occur- 
rence the Lance formation Wyoming, and the 
Hell Creek formation North Dakota, beds upper- 
most Upper Cretaceous age. 

Following list the Upper Cretaceous localities 
where cuneata has been recorded, together with the 
principal institutions where its remains are found, 
and the numbers (if any) assigned them. For the 
specimens figured plate 11, these data are given also 
the explanation plates. 


Alaska, Nat. Mus., nos. 37413, 37414, 36431-37434, 
37436-37440, 37443, 37450-37452. 


Nanaimo, C., Nat. Mus., nos. 6935, 6936, and 
unnumbered; Bot. Gard., nos. 45, 1286. 

Judith River, Mont., Nat. Mus., no. 31842b. 

Signal Butte, Mont., Bot. Gard., unnumbered. 

Medicine, Bow, Mont., Mus. Pal., no. 1296. 

Lance Cr., Wyo., Mus. Pal., nos. 2461-2463, 
Princeton, unnumbered. 

Point Rocks (Black Buttes), Wyo., Nat. Mus., 
nos. 79, 80, 81, 608a, 38539; Bot. Gard., unnumbered; 
Princeton, unnumbered. 

Rock Springs, Wyo., Nat. Mus., no. 4748. 

Marmarth, D., Nat. Mus., nos. 40167 (cone), 
and 40005 (shoots). 

Mesa, Colo., Princeton Univ., unnumbered. 

Raton Mesa, Colo. and M., Nat. Mus., no. 34456. 


SEQUOIA 


shall confine the discussion this genus material 
with distichous foliage, which there are few speci- 
mens Cretaceous species here placed under dako- 
tensis, and the much more widely distributed affinis 
the Tertiary. second Cretaceous species, 
reichenbachi, characterized scaly foliage resem- 
bling that the Sierra redwood, now generally consid- 
ered constitute separate genus, Sequoiadendron. 
Preliminary revision Cretaceous material assigned 
several other species this scaly type has been at- 
tempted above (pp. 188, 193, 206), and all has 
been assigned reichenbachi though some cases 
provisionally. The problems here involved also include 
material from the eastern United States, and shall not 
comment further upon them. 

glance the synonymy page 226, under 
occidentalis, will show the changed status the abun- 
dant material which for nearly century has been as- 
signed this and six other Tertiary 
species supposed Sequoia from the Tertiary west- 
ern North America show the foliage characters and the 
cones, when these are preserved the fossil record, 
which now associate with the genus Metasequoia; 
these seven species, four which were originally 
described from Europe, probably only re- 
mains good standing there, though not 
position express more than preliminary opinion 
since have examined only illustrations the speci- 
mens involved. Reference 229 will show that 
six distichous-foliaged spec Sequoia previously 
known from the Cretaceous the West, all except 
dakotensis have been combined with the older species 
Metasequoia, cuneata; even one cone dako- 
tensis has been combined. 

Highly significant the absence from the record 
any distichous foliage from the Cretaceous Tertiary 
floras Alaska and Greenland which definitely as- 
signable Sequoia (pp. 189, 190, 194, 196). pos- 
sible that Sequoia the sempervirens type, langs- 
dorfii Europe, affinis and perhaps dakotensis 
North America, had their origin middle latitudes, 
suggestion which accord with the climatic 
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ments the living coast redwood. This problem 
Sequoia origin may solved only after more critical 
study Cretaceous and Tertiary collections from high 
latitudes, where most the material previously consid- 
ered represent Sequoia now known Meta- 
sequoia. Sequoia cones with spirally attached scales 
are recorded from Greenland and Alaska, but there 
present basis for believing that they belong spe- 
cies other than the scaly-leafed reichenbachi. For 
many years have considered the possibility that the 
distichous-leafed Sequoias were derived from scaly- 
leafed ancestor, but Buchholz’s findings regarding the 
distinct generic characters the living Sierra redwood, 
gigantea (which places Sequoiadendron) sug- 
gest that the similar reichenbachi may not the 
direct ancestral line the coast redwood and its Ter- 
tiary equivalents, affinis and 


SEQUOIA AFFINIS LESQUEREUX 


Plate figure plate figures 2-4; plate figures 
4,7; plate figure plate figures 7-9, 12; plate figure 
10; plate 12, figures 


Sequoia affinis Lesquereux, Geol. and Geog. Survey 

Terr., Bull. ser., 384, 1876. Florissant, Colo. 

Lesquereux, Geol. and Geog. Survey Terr., 8th 
Ann. Rept., 310, 1876. Florissant, Colo. 

Lesquereux, Rept. Geol. Survey Terr., vol. 75, 
pl. 65, (not pl. 3-5), 1878. Florissant, 
Colo. 

Lesquereux, Rept. Geol. Survey Terr., vol. 
138, 1883. Florissant, Colo. (not Elko, Nev.). 

Knowlton, Nat. Mus. Proc., vol. 61, 248, 1916. 
Florissant, Colo. 

Knowlton, Geol. Survey Prof. Paper 155, 33, 
1930. Florissant, Colo. The Lesquereux 1878 mate- 
rial. 

Sequoia couttsiae Heer 

Knowlton, Geol. Survey Mon. 32, pt. 681, 
1899. Yellowstone Park, northeast side Crescent 
Hill. 

Sequoia haydenii (Lesquereux) Cockerell, Science, n.s., vol. 
26, 447, Colo. 

Cockerell, Torreya, vol. 203, Colo. 

Cockerell, Pop. Sci. Monthly, vol. 73, 122, text f., 1908. 
Florissant, Colo. 

Cockerell, Amer. Mus. Nat. Hist. Bull., vol. 24, 78, 
pl. 10, 48, 1908. Florissant, Colo. 

Jennings, Carnegie Mus. Mem., vol. 400, pl. 23, 
1920. Missoula, Mont. 

Sequoia heerii Lesquereux, Rept. Geol. Survey Terr., 
vol. 77, pl. only, 1878. Sage Creek, Mont. 
Sequoia langsdorfii (Brongniart) Heer 

Lesquereux, Rept. Geol. Survey Terr., vol. 76, 
1878. Florissant, Colo. (not Black Buttes, Wyo.). 

Knowlton, Geol. Survey Mon. 32, pt. 682, pl. 
82, 1899. Yellowstone Park, many localities. 

Dorf, Carnegie Inst. Wash. Pub. 412, 73, pl. 
1930. Forest, Bennett Valley, Santa Rosa, 
Garberville, Calif. 

Oliver, Carnegie Inst. Wash. Pub. 455, 15, 
ton, Austin, Oregon. 

Brown, Jour. Paleontology, vol. 573, pl. 67, 
only, 1935. Republic, Wn. 

Dorf, Carnegie Inst. Wash. Pub., 476, 108, 1936. 
Weiser, Idaho. 
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Brown, Geol. Survey Prof. Paper 186-J, 168, pl. 
45, 25, 1937. Tipton, Ore. 

Smith, Amer. Midland Nat., vol. 25, 493, pl. 
1941. Thorn Creek, Idaho. 

Chaney, Carnegie Inst. Wash. Pub. 553, 340, pl. 57, 
1944. ‘Troutdale, Ore. 

Condit, Carnegie Inst. Wash. Pub. 553, 39, pl. 
1944. Remington Hill, Calif. 

Axelrod, Carnegie Inst. Wash. Pub. 553, 192, 1944. 
Petrified Forest, Neer’s Hill, Matanzas Creek, Calif. 


Description 


Following the original description this species 
Lesquereux (1876: 384) 


Branches long, slender, pinnately branching leaves short, 
oblong, imbricated and obtuse; longer, lanceolate-acute, 
erect slightly reflexed; branchlets bearing cones, open: 
strobiles round-oval, obtuse; scales large, rhomboidal, with 
entire borders, central oval mamilla, and wrinkles passing 
from the borders all around; male branches erect, with 
more acute and open leaves, resembling sterile branches 
Glyptostrobus Europaeus, with small, round catkins, cov- 
ered the top imbricated lanceolate leaves. 


his forthcoming monograph the Florissant flora, 
MacGinitie will describe affinis more fully. 


Discussion 


Commenting the commonly expressed opinion that 
the foliage affinis predominantly scaly, and that 
this species shows resemblance the Sierra redwood, 


Our collections (at Princeton University) contain about 
specimens labelled affinis Lesquereux, including 
full range from scaly, non-distichous, needle-like, dis- 
tichous, plus good many attached cones. 

The foliage affinis, unless redefined, not predom- 
inantly scaly; the Florissant collections here, there 
just much distichous, needle-like foliage scaly foliage. 

The specimens affinis are certainly the sem- 
pervirens type and not gigantea. 


Anyone who has studied the foliage semper- 
virens, especially the dry borders its range, must 
have observed that has larger proportion scaly 
and small-needled shoots than the heart the Red- 
wood Belt. Whole trees may occasionally seen 
which the foliage scaly. Furthermore, all trees bear 
scaly shoots their growing tips, where cones are most 
abundant. climatic growth factor may involved 
the often scaly aspect affinis. But the collectors’ 
preference may also consideration the abundance 
scaly shoots our trays. great many the Floris- 
sant specimens were collected because the infrutes- 
cences cones which they showed, and these all cases 
are associated with scaly foliage; may suppose that 
such specimens have given exaggerated idea the 
proportion scaly foliage. 

recent years, collections containing mixtures 
scaly and distichous Sequoia foliage have been made 
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Rujada, western Oregon, and various Pliocene 
localities California and Oregon (Chaney 
1944). some these the shoots are more distichous 
than others, but all large collections contain both 
types. Since all them fall within the common range 
variation both the living coast redwood and its 
Tertiary equivalent from Florissant, seems 
proper consider that they are assignable single 
fossil species. the same extent that occidentalis 
may conspecific with the living 
and shall see, that may not specif- 
ically separable from the living distichum, the dif- 
ferences often pointed out, which may 
distinguished from sempervirens, tend disappear 
when wide range fossil and modern foliage and cones 
studied. Possibly all three these species should 
given the names their living equivalents North 
America and Asia. But seems desirable follow 
current paleobotanical practice and use separate names 
for them, least until other structures have been com- 
pared and found the therefore assigning the 
name affinis all the Tertiary material Sequoia 
known from western North America. 

Much it, especially along the Pacific Coast, was 
originally given the name have decided 
that this name longer valid western North 
America for three 

(1) There are comparatively few specimens 
langsdorfii figured from Europe (mostly drawings), 
and almost all them show foliage only the distichous 
type. spite all its records outside Europe 
the literature (most which are now known 
occidentalis), true too incompletely 
known permit comparison which will establish its 
specific identity with the American material. 

(2) Absence high latitudes, where 
all its records are error, creates break its dis- 
tribution around the northern Atlantic and provides 
basis for the assumption that two geographic species 
Sequoia may have developed during the Tertiary period. 

(3) The name has been long misused 
North America that its continuance will cause further 
confusion seems highly desirable that restricted 
western Europe where was first used, and has since 
been correctly applied. 


Occurrence 


The published records affinis and material 
here assigned it, supplemented field studies 
and survey the collections Princeton University, 
the United States National Museum, and other institu- 
tions, indicate that this species first appeared Paleo- 
cene time Yellowstone Park, that was abundant 
during the Middle Tertiary far east Colorado, and 
that was gradually restricted toward the Pacific Coast 
Oregon and California during Pliocene time. 


[TRANS. AMER. PHIL. 


Following list the Tertiary localities, order 
their age, where affinis has been recorded, together 
with the principal institutions where these specimens are 
found, and the numbers (if any) assigned them. 
For the specimens figured plates these data are 
given also the explanation plates. 


Paleocene: Yellowstone Nat. Pk., Nat. Mus., nos. 
4264, 4275. 

Eocene: Yellowstone Nat. Pk., Nat. Mus., nos. 
4253, 4261, 4267-4269, 4271, 5078, 5079, 5152, 5172; 
Bot. Gard., nos. 4261, 4275, 5155. 

Oligocene: Rujada, Ore., Mus. Pal., no. 3533, and 
unnumbered. Ashland, Ore. Mus. Pal., no. 3542, and 
unnumbered. Salmon, Ida., Nat. Mus., no. 
Medicine Lodge Cr., Mont., Nat. Mus., nos. 8878, 
8879 (in part) also Muddy Cr., no. Mont.. 
Mus. Pal., unnumbered; Carn. Mus., unnumbered. 
Florissant, Colo., Nat. Mus., unnumbered; Princeton 
Univ., unnumbered; Mus. Pal., nos. 3524, 3527, 3528, 
3543, 3544, 3547, and unnumbered. 

Miocene: Brinks Ranch, Prineville, Ore., Mus. Pal., 
unnumbered. Austin, Ore., Mus. Pal., nos. 650-653, 
2899, 2900, 3530, 3531. Ore., Nat. Mus., un- 
numbered; Mus. Pal., no. 654. Unity, Ore., 
Mus. Pal., unnumbered. Thorn Creek, Ida., Mus. 
Pal., nos. 3511, and unnumbered. 

Mio-Pliocene: Ida., Mus. Pal., nos. 1162, 
1163. Remington Hill, Cal., Mus. Pal., Loc. 3935, 
nos. 2376, 

Pliocene: Troutdale, Ore., Mus. Pal., nos. 3505- 
3510, 2585. Sonoma Co., Cal., Mus. Pal., nos. 316- 
320, 2636-2639. Santa Clara Co., Cal., Stanford Univ., 
unnumbered. 


SEQUOIA DAKOTENSIS BROWN 
Plate figure 


Sequoia dakotensis Brown, Jour. Wash. Acad. Sci., vol. 25, 
447, text-figs. 1-4, 1935. Mandan, 
Geol. Survey Prof. Paper 247, pl. 
48, figs. 1939. Cannon Ball River and Marmarth, 
and Circle, Mont. Fig. represents cuneata. 
Dorf, Carnegie Inst. Wash. Publ. 508, 129, pl. fig. 
1942. Lance, Wyo. 
Bell, Can. Dept. Mines, Geol. Survey Bull. 13, 48, pl. 
figs. 1-3, 1949. Western Alta. 
Heer 
Knowlton, Proc. Wash. Acad. Sci., vol. 11, 207, 1901. 
artus Bell, Can. Dept. Mines, Geol. Survey Bull. 
pl. 16, Western Alta. 


Discussion 


This species described Brown from well pre- 
served cones widely different but intergrading size. 
notes the occurrence with them frag- 
mentary leaves and twigs Sequoia,” but none these 
were have recently examined this foliage and 
find that part distichous and shows spiral 
lotaxy seems referable dakotensis. the same 
collection are shoots with decussate phyllotaxy which 
are definitely assignable cuneata. 

Bell’s discussion Sequoiites artus from the 
Cretaceous Edmonton formation western Alberta 
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(1949: 47), mentions that cones, probably referable 
dakotensis, are there associated with the foliage 
artus, and suggests that all may represent the same plant. 
have had opportunity examine Bell’s material 
briefly, and fully agree that his cones and least some 
his foliage specimens are referable Sequoia; one 
these figured his plate 18, figures 
suggests and agree, that the material placed under 
artus Bell “is mixed and contains least two 
species,” the scaly kind shown Bell 
pl. fig. and pl. 16, fig. 2,” and the distichous 
specimen figured plate 18, above mentioned. 

opinion that the latter, representing the only 
figured shoot definitely showing Sequoia 
all probability the foliage the tree which bore the 
cones assigned dakotensis. therefore placing 
this part Bell’s artus synonymy, under da- 
kotensis, though with question mark. There are 
yet few Cretaceous localities where cones and foliage 
the true Sequoia type are found associated, and 
few foliage specimens, that final decision their 
specific assignment must made later. The remainder 
Bell’s specimens artus, especially the one shown 
figure plate 16, may well referable Araucar- 
ites longifolia, reported Dorf abundant the Lance 


flora eastern Wyoming (1942: 130). 
Occurrence 


This relatively little known species confined the 
uppermost beds the Upper Cretaceous from western 
Alberta and Montana eastern Wyoming and western 
North Dakota. 

Following list the Upper Cretaceous localities 
where dakotensis has been recorded, together with the 
principal institutions where specimens are found, 
and the numbers (if any) assigned them. 


Glendive, Mont., St. Sch. Mines, no. 432 (cone). 

Marmarth, D., Nat. Mus., nos. 40159, 40160 
(cones) and unnumbered shoots. 

Mandan, D., Nat. Mus., no. 9549 (cone). 

Alta., Vict. Mus., nos. 3677, 5178, 5179, 5927 


TAXODIUM 


Like Sequoia, this genus has been recognized more 
frequently past decades than seems 
erence the synonymy pages will show that 
five species Taxodium are now known show the 
characters occidentalis. the other hand, foli- 
age specimens referred five species Sequoia are 
here shown represent dubium. great the 
confusion that all the older specimens Sequoia and 
Taxodium must examined for their leaf base char- 
acters their identifications can accepted. 


*In letter June 26, 1950. 

foliage shoot Sequoia, but obscurely reproduced and may 
even represent Metasequoia cuneata. 
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studies mentioned the presence Taxodium 
the Cretaceous high latitudes. Most these records 
are now known based material which refer- 
able Metasequoia. The same true for the older 
records middle latitudes. Cretaceous material can 
cited which definitely assignable Taxodium, 
though have indicated the occurrence few foliage 
shoots and cone Alaska which may referable. 


TAXODIUM DUBIUM HEER 


plate figure plate figure 11; plate figures 6-9; 
plate figures plate 10, figures 1b, 2b; plate 11, figure 
plate 12, figure 


Taxodium dubium (Sternberg) Heer, Flora Tert. Helv., 
vol. 49, pl. 17, figs. 1855. 

Knowlton, Geol. Survey Prof. Paper 140, 27, pl. 
7-9; pl. 10, 1926. Spokane, Wn. Coeur 
d’Alene, Idaho. 

Berry, Geol. Survey Prof. Paper 154, 237, 1929. 
Spokane, Republic, Wn., Coeur d’Alene, Idaho. 

Berry, Geol. Survey Prof. Paper 170c, 34, pl. 11, 
1931. Grand Coulee, Wn. 

Berry, Geol. Survey Prof. Paper 185, 103, 1934. 
Grand Coulee, Wn. 

Berry, Geol. Survey Can. Mem. 182, 19, 
ern Sask. 

MacGinitie, Carnegie Inst. Wash. Pub. 465, 132, pl. 

Condit, Carnegie Inst. Wash. Pub. 476, 251, pl. 
4a, 1938. Loma Ranch, Corral Hollow. 

Taxodium dubium Massalongo 

Hollick, Geol. Survey Prof. Paper 182, 49, pl. 
16, 1936. Admiralty Island, Alaska. 

Hollick, Geol. Survey Prof. Paper 182, 50, pl. 13, 
1936. Kenai Peninsula, Alaska. 

Taxodium crassum Hollick, Geol. Survey Prof. Paper 
182, 48, pl. 16, not pl. 64, 4b, 1936. Anchorage 
Bay, Alaska. 

Taxodium distichum miocenicum Heer 

Lesquereux, Rept. Geol. Survey Terr., vol. 73, 
pl. only, 1878. Elko, Nev. 

Newberry, Geol. Survey Mon. 35, 22, pl. 52, 
1898. Cook Inlet, Alaska. 

Taxodium nevadensis Mason, Carnegie Inst. 
Wash. Pub. 346, 154, pl. 1927. White 
Hills, John Day Basin, Ore. 

Taxodium occidentale Newberry 

Berry, Geol. Survey Can. Mem. 182, part, 1935. 
Southern Sask. 

Taxodium tinajorum Heer, Flora Fossilis Arctica, vol. 
no. 22, pl. 1-5, 1869. English Bay, Cook 
Inlet, Alaska. 

Abies nevadensis Lesquereux, Geol. Survey Terr. Ann. 
Rept., vol. 372, Nev. 

Glyptostrobus ungert Heer 

Lesquereux, Nat. Mus. Proc., vol. 11, 19, 1888. 
Van Horn’s Ranch, Ore. 

Knowlton, Geol. Survey Bull. 204, Van 
Horn’s Ranch, Ore. 

Sequoia Lesquereux 

Lesquereux, Rept. Geol. Survey Terr., vol. 75, pl. 

Sequoia angustifolia Lesquereux, Geol. Survey Terr. 
Ann. Rept., vol. 372, Nev. 
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Lesquereux, Geol. and Geog. Survey Terr. Ann. 
Rept., vol. 409, Nev. 
Lesquereux, Rept. Geol. Survey Terr., vol. 77, 
pl. 6-10, 1878. Elko, Nev. 
Lesquereux, Rept. Geol. Survey Terr., vol. 138, 
1883. Elko, Nev. 
Knowlton, Geol. Survey 18th Ann. Rept. pt. 
722, pl. 99, 1898. Payette, Idaho. 
Knowlton, Geol. Survey 20th Ann. Rept., pt. 39, 
1902. Coal Creek, Lane Co., Ore. 
Knowlton, Geol. Survey Bull. 204, 24, 1902. 
Van Horn’s Ranch, Ore. 
Penhallow, Rept. Tert. Plants British Columbia, 88, 
1908. River, Quilchena, 
langsdorfu Heer 
Lesquereux. Nat. Mus. Proc., vol. 11, 34, 1888. 
Van Horn’s Ranch, Ore. 
Knowlton, Geol. Survey Bull. 204, 25, 1902. 
Van Horn’s Ranch, Ore. (not Bridge Creek). 
Rept. Tert. Plants British Columbia, 88, 
1908. River, Princeton, Similkameen River, 
Collins Gulch and Quilchena, 
Knowlton, Geol. Survey Prof. Paper 140, 26, pl. 
3-6, 1926. Spokane, Wn. Coeur d’Alene, Idaho. 
Berry, Geol. Survey Prof. Paper 154, 237, 1929. 
Spokane, Mica, Vera, Wn.; Coeur d’Alene, Idaho. 
Berry, Geol. Survey Prof. Paper 170, 34, 1931. 
Grand Coulee, Wn. 
Smith, Mich. Acad. Sci. vol. 24, 109, pl. 1939. 
Sucker Creek, Ore. 
Sequoia Heer 
Lesquereux, Nat. Mus. Proc., vol. 11, 19, 1888. 
Van Horn’s Ranch, Ore. 
Sequoia spinosa Newberry, Nat. Mus. Proc., vol. 
504, 1883. Cook Inlet, Alaska. 
Knowlton, Nat. Mus. Proc., vol. 17, 214, 1894. 
Cook Inlet, Alaska. 
Knowlton, Geol. Survey 17th Ann. Rept. pt. 
878, 1896. Cook Inlet, Alaska. 
Newberry, Geol. Survey Mon. 35, 21, pl. 53, 
1898. Cook Inlet, Alaska. 
Hollick, Geol. Survey Prof. Paper 182, 48, 1936. 
Cook Inlet, Alaska. 
sp. (cone) Hollick, Geol. Survey Prof. 
Paper 159, 59, pl. 23, 1930. Cretaceous 
Alaska. 


Description 


FOLIAGE dimorphic, the leaves commonly 
acicular but also scaly, occurring deciduous short 
shoots most specimens. LONG bearing widely 
spaced needles 1.2 cm. long, and slightly less than 
mm. broad; needles spirally attached, rotated into flat 
sprays, some them bearing alternate short shoots 
their axils, distally scaly and maintaining their spiral 
position. slender, straight curving, 
spirally attached and commonly rotated into distichous 
position, usually longest middle shoot and gradually 
shortening immature shoots shorter, 
with scaly leaves maintaining spiral position. 
linear, abruptly rounded base and narrowed 

Following Heer’s original description this species (1855: 
ramis perennibus foliis squamaeformibus tectis, ramulis 


caducis filiformibus, foliis approximatis distantibus, alternis, 
distichis, breviter petiolatis, lineari-lanceolatis, planis, uninerviis. 
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very short petiole, narrowed distally acute tip; 
middle shoot length ranges from mm., width 
from 1.2 mm.; approximate average dimensions 
middle shoot mm., rather openly spaced 
shoot, branching off angles from degrees, 
averaging less than degrees; squarely attached 
decurrent bases which are not conspicuous and extend 
down the shoot parallel with its axis; midvein well de- 
fined. CONES globose (or elongate dis- 
tortion), ranging diameter 2.5 cm., deciduous, 
with evidence shoot attachment; cone scales 
commonly deciduous, making complete cones rare the 
record, spirally attached, shield-shaped with angular 
margins, not greatly elongated transversely, slightly con- 
cave with short median depression, probably not more 
than number. Seeds angular, heavily ribbed with 
thick wings and extended into acute apex, about 
mm. long and mm. broad. STAMINATE CONES borne 
panicled shoots, the branches commonly detached; 
borne spirally and singly; globular ovoid, 
slightly over mm. diameter; scales obscure, appar- 
ently spirally attached. 


Discussion 


Knowlton appears have been the first recognize 
that the abundant foliage Taxodium the Miocene 
western North America was not specifically separable 
from Heer’s European Specimens from the 
Latah formation Washington and Idaho, and from 
other western localities, are similar the foliage the 
living species the southeastern United States, 
distichum, are cones and seeds from other Tertiary 
localities which have been more recently collected. Heer 
also compared his specimens, from the Miocene 
Switzerland, with the living swamp cypress North 
America. 

agree with Knowlton that there basis for con- 
sidering the American material specifically distinct from 
the European. Supporting this reference the ge- 
ographic distribution dubium from western Europe 
through Greenland, arctic Canada, Alaska and British 
Columbia into the Columbia Plateau and California. 
This striking contrast the range Tertiary 
Sequoia, which not now known extend into high 
northern latitudes, and which seems assignable 
and North American species. 

the Columbia Plateau, where most abundant, 
the Tertiary swamp cypress associated with other 
swamp and floodplain trees deposits, frequently di- 
atomaceous, which are lacustrine type. The vol- 
canic events the Miocene this area appear have 
produced terraine which was especially suited Tax- 
odium, long since restricted the east- 
ern United States with its best development southward. 

This does not apply the cone figured Heer, 1855, plate 


17, figure 15, which referable Glyptostrobus elsewhere 
indicated. 
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Occurrence 


The published records dubium and material 
here assigned it, supplemented field studies 
and survey the collections the United States 
National Museum and other institutions, indicate that 
this species first appeared Paleocene time Alaska 
and Canada. became widespread the Columbia 
Plateau area during Middle Tertiary time, extending 
southward California and Nevada. Its latest known 
occurrence beds transitional age from Miocene 
Pliocene, west central California. Similar material 
probably representing this species known 
southeastern United States from Eocene Pliocene 
time. 

Following complete list the Tertiary localities 
where has been recorded, together with the 
principal institutions where these specimens are 
found, and the numbers (if any) assigned them. 
For the specimens figured plates these data are 
also given the explanation plates. 


Paleocene: St. Lawrence Island, Alaska, Mus. Pal., 
Loc. 232, unnumbered. Mt. McKinley Nat. Pk., Alaska, 
Mus. Pal., Loc. no. P3654, unnumbered. 

Paleocene Eocene: Alaska, Nat. Mus., nos. 
7118, 7119, 7121, 38701b, 38712, 38713, 38714, 38720. Mouth 
Fraser R., C., Bot. Gard., no. Bay, 
Wn., Bot. Gard., no. 6302. 
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Eocene: Steel’s Crossing, Wn., Mus. Pal., several 
locs., unnumbered specimens. Chuckanut Drive, Wn., 
Nat. Mus., unnumbered. 

Eocene Oligocene: Princeton area, C., Vict. Mus., 
Mus. Pal., unnumbered. Quilchena, Vict. Mus., nos. 

Oligocene: Weaverville, Cal., Mus. Pal., Locs. 140, 
141, nos. 1081, 1054-1056, 1061, Ore., 
Mus. Pal., Loc. no. P3920, unnumbered. Twickenham, 
John Day Basin, Ore., Mus. Pal., Loc. no. P4008, nos. 
3548-3551. 

Oligocene Miocene: Elko, Nev., Nat. Mus., un- 
numbered; Mus. Pal., Loc. 3949, no. 2907. 

Miocene: Van Horn’s Ranch and vicinity, John Day 
Basin, Ore., Nat. Mus., nos. 2480, 2607, 2610, 2699, 
8551, 8958, 8959, 9029, 9030; Bot. Gard., no. 3010, and 
unnumbered; Mus. Pal., nos. 141, 142, 2904, 3523, 
3526, 3532, 3538, 3545, 3546, and unnumbered; Univ. Ore., 
unnumbered. Rock Cr., John Day Basin, Ore., Mus. 
Pal., unnumbered. Spokane area, Wn., and adjacent Ida., 
Nat. Mus., nos. 7557, 9068, 36886, 36888, 
38078, 38089, and unnumbered; Mus. Pal., Loc. 3940, 
unnumbered; Elk River, Ida., Nat. Mus., no. 
White Bird, Ida., Nat. Mus., unnumbered; Mus. 
Pal., Loc. P4810, unnumbered. Grand Coulee, Wn., 
Mus. Pal., unnumbered. Payette, Ida., Nat. Mus., 
nos. 1209, 6021, 7626, 7634, 8289, 8299, 8315, 8436; 
Mus. Pal., Loc. 3743, nos. 3519-3522. Sucker Cr., Ida., 
Mus. Pal., unnumbered. 

Mio-Pliocene: Corral Hollow, Cal., Nat. Mus., no. 
8712; Mus. Pal., nos. 1136, 1139, 
burg (Loma Ranch), Cal., Mus. 1285, 1137, 1138, 
and unnumbered. 
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PLATE 


dubium (Sternberg) Heer. Long shoot. 
Mus. Pal., Paleobot. Ser., no. White Hills, John Day Basin, 


Oregon. 
Fic. Sequoia affinis Lesquereux. Plesiotype. Mus. 
Pal., Paleobot. Ser., no. 3524. Florissant, Colorado. 
Fic. occidentalis (Newberry) Chaney. Long shoots and 


deciduous short shoots. Paratype. Mus. Pal., Paleobot. Ser., 


no. 2906. Elko, Nevada. 
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PLATE 


Fic. occidentalis (Newberry) Chaney. Long shoot. Para- 
type. Nat. Mus., no. 38707. Bryant Creek, upper Yukon River 
region (lot 3229), Alaska. Previously figured 
Hollick, Prof. Paper 182, pl. 15, fig. 

Fic. occidentalis (Newberry) Chaney. Long shoot. Para- 
type. Mus. Pal., Paleobot. Ser., no. 3525. Dugout Gulch, 
John Day Basin, Oregon. 

Fic. Metasequoia occidentalis (Newberry) Chaney. Short 
type. Nat. Mus., no. 8674. Salmon, Idaho. 


These specimens have not been retouched. 
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PLATE 


dubium (Sternberg) Heer. Short shoots. Plesiotype. 


Mus. Pal., Paleobot. Ser., no. 3526. White Hills, John Day 


Oregon. 


Sequoia affinis Lesquereux. Long shoot. Plesiotype. Mus. 


Pal., Paleobot. Ser., no. 2899. Austin, Oregon. 


Sequoia affinis Lesquereux. Long shoot with pistillate cone and 


staminate cones. Mus. Pal., Paleobot. Ser., no. 3527. Florissant, 


Colorado. 


Sequoia affinis Lesquereux. Long shoot with 


cones. Plesiotype. 
sant, Colorado. 


Mus. Pal., Paleobot. Ser., no. 3528. 
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occidentalis (Newberry) Chaney. Long shoot. Para- 
type. U.C. Mus. Pal., Paleobot. Ser., no. 124. Gray’s Ranch, Crooked 


River Basin, Oregon. Previously figured sp. Mason, Car- 
negie Inst. Wash. Publ. 346, pl. fig. 

Metasequoia occidentalis (Newberry) Chaney. Short shoot. Para- 
type. Mus. Pal., Paleobot. Ser., no. 3529. Dugout Gulch, John 
Day Pasin, Oregon. 

affinis Lesquereux. Short shoot. Plesiotype. Mus. 
Pal., Paleobot. Ser., no. 3531. Austin, Oregon. 

Sequoia affinis Lesquereux. Short shoot. Plesiotype. Mus. 
Pal., Paleobot. Ser., no. 3530. Austin, Oregon. 

(Sternberg) Heer. Short shoots. Plesiotype. 
Mus. Pal., Paleobot. Ser., no. 2904. White Hills. John Day Basin, 
Oregon. 

Taxodium dubium (Sternberg) Heer. Short shoot. Plesiotype. 
Mus. Pal., Paleobot. Ser., no. 3532. Van Horn’s Ranch, John Day 
Oregon. 

affinis Lesquereux. Short shoot. Plesiotype. Mus. 
Pal., Paleobot. Ser., no. 3533. Rujada, Oregon. 

Metasequoia glyptostroboides and Cheng. Long shoot from 
seedling Berkeley. 

occidentalis (Newberry) Chaney. Long shoot and 
short shoots. Paratype. Mus. Pal., Paleobot. Ser., no. 3534. 
Bridge Creek type locality, John Day Basin, Oregon. 
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Fic. occidentalis (Newberry) Chaney. Long shoot. Para- 
type. Mus. Pal., Paleobot. Ser., no. 3535. Dugout Gulch, John 
Day Basin, Oregon. 

Fic. occidentalis (Newberry) Chaney. Long shoot. Para- 
type. Mus. Pal., Paleobot. Ser., no. 3536. Dugout Gulch, John 
Day Basin, Oregon. 

Fic. occidentalis (Newberry) Chaney. Long shoot. Para- 
type. Mus. Pal., Paleobot. Ser., no. 2897. Elko, Nevada. 

Fic. oregonensis Brown. Foliage branch with cone. Ple- 
siotype. Mus. Pal., Paleobot. Ser., no. 2881. Stinking Water 
Basin, Oregon. 

Fic. Glyptostrobus oregonensis Brown. Foliage branch with cone. Ple- 
siotype. Mus. Pal., Paleobot. Ser., no. 2888. Stinking Water 
Basin, Oregon. 
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Foliage Shoots Metasequoia, Taxodium and Sequoia, Showing the Mode 
Insertion the Leaves. specimens have not been retouched. 


Fic. Metasequoia glyptostroboides and Cheng. Short shoot from 
seedling Berkeley. 1.8. 

Fic. Metasequoia occidentalis (Newberry) Chaney. Short shoot. Para- 
type. Mus. Pal., Paleobot. Ser., no. Elko, Nevada. 

distichum Richard. Short shoot from young tree 
1.8. 

Fic. dubium (Sternberg) Heer. Short shoot. Plesiotype. 
Mus. Pal., Paleobot. Ser., no. 3538. White Hills, John 
Day Oregon. 

Fic. Sequoia sempervirens (Lambert) Endlicher. Short shoot from 
tree Berkeley. 1.8. 

Sequoia affinis Lesquereux. Short shoot. Plesiotype. 
Mus. Pal., Paleobot. Ser., no. 650. Austin, Oregon. 


250 


1 
“a 
4 
> 
; 
+ 
a 
; 
- 
As 
+ 
bint 
by 
ough 
" 
4 
| 
“) 
4, 
ry 
Ne 
gt 
2 


a 
if 
é 


PLATE 


Metasequoia occidentalis (Newberry) Chaney. Pistillate 
Paratype. Mus. Pal., Paleobot. Ser., no. 2895. Elko, Nevada. 
occidentalis (Newberry) cone. Co- 
type. Nat. Mus., no. 60. Medicine Lodge (Sage) Creek, Mon- 
tana. Previously figured the type Lesquereux, vol. 
77, pl. fig. Collected Hayden. 

occidentalis (Newberry) Chaney. Pistillate 
Paratype. Mus. Pal., Paleobot. Ser., no. 3539. Twickenham, 
John Day Basin, Oregon. 

occidentalis (Newberry) Chaney. Pistillate 
Paratype. U.C. Mus. Pal., Paleobot. Ser., no. 3540. Ashland, Oregon. 
Metasequoia occidentalis (Newberry) Chaney. Pistillate 
Mus. Pal., Paleobot. Ser., no. 3541. Warner Moun- 
tains, California. 

U.S. Nat. Mus., no. 40541. Bridge Creek type locality, John Day 
Basin, Oregon. 

Sequoia affinis Lesquereux. Cone-bearing foliage shoot. 
Mus. Pal., Paleobot. Ser., no. 654. Tipton, Oregon. 

affinis Lesquereux. Cone-bearing foliage shoot. Plesiotype. 
Mus. Pal., Paleobot. Ser., no. Oregon. 

Sequoia affinis Lesquereux. Infrutescence. Plesiotype. U.C. Mus. 
Pal., Paleobot. Ser., no. Colorado. 

10. dakotensis Brown. Pistillate cone. Plesiotype. So. Dak. 
State School Mines, no. 432. Glendive, Montana. 

Mus. Pal., Paleobot. Ser., no. 2907. Elko, Nevada. 

Mus. Pal., Paleobot. Ser., no. 3544. Florissant, Colorado. 
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Fic. Metasequoia (Newberry) Chaney. Staminate cones 
shoots. Cotype. Mus. Pal., Paleobot. Ser., no. 2898. Elko, 
Nevada. 

Fic. Metasequota occidentalis (Newberry) Chaney. Staminate cones 
shoot. Paratype. Nat. Mus., no. 8879. Medicine Lodge 
(Sage) Creek, Montana. 

Fic. Metasequota occidentalis (Newberry) Chaney. Staminate cones 
shoot bearing leaves. Paratype. Nat. Mus., no. 
Nevada. 

Fic. dubium (Sternberg) Heer. Pistillate cone and short 
shoots. Plesiotype. Nat. Mus., no. 7121. Cook Inlet, Alaska. 
Previously figured the type spinosa Newberry, Mon. 35, pl. 
53, fig. 

Fic. distichum Richard. Seed from tree Washington, 

Nat. Mus., no. 40543. mi. Elk River, Idaho. 

Fic. dubium (Sternberg) Heer. Seed. Plesiotype. 
Nat. Mus., no. 40544. mi. Elk River, Idaho. 

Fic. dubium (Sternberg) Heer. Panicle bearing male cones. 
Plesiotype. Mus. Pal., Paleobot. Ser., no. 3545. White Hills, 
John Day Oregon. 

dubium (Sternberg) Heer. Staminate cones spe- 
cialized shoot. Plesiotype. Mus. Pal., Paleobot. Ser., no. 3546. 
Van Horn’s Ranch, John Day Basin, Oregon. 

Fic. Lesquereux. Foliage shoot bearing staminate cones. 
Mus. Pal., Paleobot. Ser., no. 3547. Florissant, Colorado. 
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Reproduction Dana’s Plate the Geology Report the Wilkes 
Exploring Expedition, Fossils Collected the 
Mouth Fraser River, 


Figure Numbers Indicated His Drawing. 


Fic. dubium (Sternberg) Heer. Foliage branch. 

Fic. Taxodium dubium (Sternberg) Heer. Short shoot. 

Fics. occidentalis (Newberry) Chaney. Short 
shoots. 

Fic. crenatum (Unger) Brown. Identification this 
leaf somewhat questionable. 

Fics. Betula sp. these leaves somewhat question- 
able. 

13, 14, 15. Carpinus grandis Unger. Identification these leaves 
somewhat questionable. (The leaf the left numbered should 
numbered 14.) 

Fics. 16, some related aquatic monocotyledon. 
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(a) Metasequoia occidentalis (Newberry) Chaney. Short shoots. 
Cotype. Bot. Gard., no. 6301. Mouth Fraser River, 
Collected Dana. Not previously figured. 

(b) Taxodium dubium (Sternberg) Heer. Short shoot. Plesio- 
type. 
(a) Metasequoia occidentalis (Newberry) Chaney. Short shoots. 
Cotype. Bot. Gard., no. 6302. Birch Bay, Wn. Probably col- 
lected Gibbs. Not previously figured. 

(b) Taxodium dubium (Sternberg) Heer. Long shoot and short 
shoots. Plesiotype. 
Metasequoia occidentalis (Newberry) Chaney. Long shoot. Co- 
type. Nat. Mus., no. 6987. Yellowstone River, Montana 
northern Montana. Collected Hayden Cooper. Previously fig- 
ured occidentale Newberry, Mon. 35, 23, pl. 26, fig. 
occidentalis (Newberry) Chaney. Long shoot. Co- 
type. Nat. Mus., no. 50. Yellowstone River, Montana 
ern Montana. Collected Hayden Cooper. Previously figured 
occidentale Newberry, Mon. 35, 23, pl. 26, fig. 
occidentalis (Newberry) Chaney. Long shoot. Co- 
type. U.S. Nat. Mus., no. 51. Yellowstone River, Montana north- 
ern Montana. Collected Hayden Cooper. Previously figured 
occidentale Newberry, Mon. 35, 23, pl. 26, fig. 
occidentalis (Newberry) Chaney. Long shoot. Co- 
type. Bot. Gard., no. 6303. Yellowstone River, Montana. Col- 
lected Hayden. Not previously figured. Labeled 
dium) occidentalus. 
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Fic. cuneata (Newberry) Chaney. Short shoots. Cotype. 
Bot. Gard., no. 45. Nanaimo, Victoria Island. Not previously 
figured. Probably collected Gibbs. 

Fic. Metasequoia (Newberry) Chaney. Short shoot. Cotype. 
Nat. Mus., no. 79. Point Rocks, Wyoming. Collected 
Hayden Cleburn. Previously figured Lesquereux, 
vol. 78, pl. 61, fig. 26. 

Fic. Metasequoia (Newberry) Chaney. Long shoot. Cotype. 
Nat. Mus., no. 38539. Point Rocks Wyoming. Collected 
Hayden Cleburn. Previously figured brevifolia Knowlton, 

Fic. (Newberry) Chaney. Long shoot. Para- 
type. Nat. Mus., no. 4748. Rock Springs, Wyoming. Not pre- 
viously figured. 

Fic. cuneata (Newberry) Chaney. Short shoot. Cotype. 
Nat. Mus., no. Point Rocks, Wyoming. Collected 
Hayden Cleburn. Previously figured brevifolia Knowlton, 

Fic. cuncata (Newberry) Chaney. Long shoot and short 
shoots. Paratype. Nat. Mus., no. 40545. Marmarth, North 
Dakota. Not previously figured. 

Fic. occidentalis (Newberry) Chaney. Long shoot. Co- 
type. U.S. Nat. Mus., no. 2614. Van Horn’s Ranch, John Day Basin, 
Oregon. Previously referred distichum miocenum but not 
figured. 

Fic. occidentalis (Newberry) Chaney. Long shoot. Co- 
type. U.S. Nat. Mus., no. 2614. Van Horn’s Ranch, John Day Basin, 
Oregon. Previously referred miocenum but not 
figured. 

Fic. Taxodium dubium (Sternberg) Heer. Short shoot. 
Nat. Mus., no. Horn’s Ranch, John Day Basin, Oregon. 
Previously referred but not figured. 
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Fic. occidentalis (Newberry) Heer. Cone. Paratype. 
Nat. Mus., no. 9388. Creek, John Day Basin, Oregon. Pre- 
viously figured Newberry, Mon. 35, 20, pl. 47, fig. 
Probably Condon. 

Fic. occidentalis (Newberry) Heer. Short shoot. Para- 
type. Nat. Mus., no. 7086. Bridge Creek, John Day Basin, 
Oregon. 

Fic. affinis Lesquereux. Long shoot. Plesiotype. Nat. 
Mus., no. 8878. Muddy Creek, near Armstead, Mont. 

Fic. Sequoia affinis Lesquereux. Short shoot. Plesiotype. Nat. 
Mus., no. 8879. Medicine Lodge (Sage) Creek, near Armstead, Mont. 

Fic. occidentalis (Newberry) Chaney. Short shoot. Para- 
type. Nat. Mus., no. 8879. Medicine Lodge (Sage) Creek, 
Montana. 

Fic. occidentalis? (Newberry) Chaney. Short shoot. Para- 
type. Nat. Mus., no. 59. Medicine Lodge, (Sage) Creek, 
Montana. 

Fic. occidentalis (Newberry) Chaney. Staminate cones 
shoot. Paratype. U.S. Nat. Mus., no. 8879. Medicine Lodge, (Sage) 
Creek, Montana. 

Fic. occidentalis (Newberry) Chaney. Short shoot. Para- 
type. Nat. Mus., no. -36883. Elko, Nevada. Previously figured 
Knowlton, Geol. Survey, Prof. Paper 140, 27, 
pl. fig. 

Fic. dubium (Sternberg) Heer. Short 
Nat. Mus., no. 7118. Cook Inlet, Alaska. Previously figured 
distichum miocenum Newberry, Geol. Survey Mon. 35, 
22, 52, fig. 
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